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STRUCTURAL SIGNIFICANCE OF TERTIARY 
VOLCANIC ROCKS IN SOUTHWESTERN UTAH 
J. HOOVER MACKIN 
Department of Geology, University of Washington, Seattle 


ABSTRACT. Most of the silicic volcanic rocks of the Great Basin are ignimbrites rather 
than lava flows. The more common types were probably formed by nuées ardentes which 
spread laterally as density currents of very high fluidity, but there are aberrant types that 
may be in some manner transitional between ignimbrites and lava flows, and the whole 
problem of mechanism of origin is as yet little understood, Uncertainty on this score is of 
no concern here; mapping of many of the units indicates that, whatever their origin, they 


issumed a distribution approaching that of an equal volume of water, filling valleys to a 


ommon ley ind forming sheets of substantially uniform thickness where the relief of 
e was low, Some of the individual ignimbrites are many hundreds of 
1 areal extent of as much as 10,000 square miles, Because each of 
itially flat sheets were formed everywhere at the same instant of 
ideal stratigraphic units. They occur in most parts of the Great 
through most of the Tertiary. 

\ s which are widespread in southeastern Utah are desi ribed and 
formal stratigraphic names. The fact that the oldest of them lies unconformably 
led edges of thrusts and folds involving late Cretaceous strata indicates that 
voleanic activity post-dates the Laramide orogeny, As planar units which 
lertiary crustal movements, the ignimbrites confirm the Gilbert theory, 
on physiographic evidence, that block faulting has been the characteristic 
of aramide deformation in the Great Basin, The stratigraphic-structural ap 
roach makes it possible (1) to work out the geometry of the block faulting with a pre 
sion not obtainable by use of displaced erosion surfaces; (2) to deal with episodes of 
occurred during the early Tertiary and are not expressed by the present 

crossdate these and other geologic events on a regional scale. 
detailed work in southwestern Utah, and reconnaissance elsewhere, it 
berately provocative working hypothesis that block faulting has been the 
tectonism in the Great Basin in post-orogenic time, The first require- 
s hypothesis is the recognition, as such, of flexures and thrust faults 
by emplacement of hypabyssal intrusions, and (2) by gravity sliding from 
features raised by intrusion and block faulting. These two classes of struc- 
much interest in ir own right; their significance for present purposes is 
they may be readily mistaken as evidences of regional tectonism. Equally 
for distinguishing post-orogenic deformational effects from those pro- 
geny. Examples are given of use of the ignimbrites in making these 


INTRODUCTION 
It is now generally recognized that the silicic volcanic rocks of the Great 
Basin, commonly considered to be lava flows in early geologic reports, are 
nearly all ignimbrites; that is. as this term is used here, depositional units 
formed by eruptions of the nuée ardente type. Attention has been called by C. 


S. Ross (1955) to the widespread occurrence of these special kinds of pyro- 


clastic rocks in the Cordilleran region, and individual units or sequences of 
units have been described in many places in the Great Basin and neighboring 
provinces in recent years (e.g. Mansfield and Ross, 1935: Gilbert. 1938: 
Callaghan, 1939: Enlows, 1955; Sabins, 1957). 
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to support the point under discussion, as to indicate that the same point has 
heen made earlier by others. 

The regional stratigraphic study of the Tertiary volcanics indicates that 
some individual ignimbrites are hundreds of feet in thickness over an area 
measured in many thousands of square miles, These great sheets represent the 
frothing eruption of many hundreds of cubic miles of magma, perhaps within 
1 period measured in weeks or months, The total volume of Tertiary silicic 

inic rocks in the Great Basin is of the order of magnitude of 50,000 cubic 

s. It seems reasonable to suppose that the transfer of so enormous a quan- 

of material from depth to the surface, in eruptive episodes that occurred 

‘to place and from time to time during the Tertiary. must be in some 

r genetically related to episodes of block faulting that were in gen ral 

larly distributed in space and time (Longwell. 1950, p, 427-428). An early 
ticle called attention to the striking similarity in pattern rela- 

hasin-range structure and the sets of antithetically tilted 

n clay which fails by reason of withdrawal of lateral 
ested that Great Basin block faulting is an expression of a 
slump-creep movement of segments of the crust toward a “free 
by the rapid expulsion of very large volumes of magma formed 
rustal rock, But this “eruptive-tectonic” hypothesis for origin of 
‘structure ramifies persuasively in many directions—starting as an 
ifter-thought. it quickly became a Part Il, equal in size to the 

This overgrowth of an appendage wholly different in substance 
from the body of the paper called for surgery he present 

its the structural significance of the volcanic rocks in a de- 

ll be followed in a forthcoming issue of this journal by a 
some possible genetic relationships between eruptive acti- 

on during the post-orogenic period in the Great Basin and 
ces, The fact that there will be a sequel needs to be noted 
erence is made to it at a number of places in this article, and 
mn of some aspects of the timine and geometry of basin-range 

leferred to it 

s are bundles of working hypotheses, the first at the field re- 


tions iat seem to fit the “facts” in southwestern Utah may be in 


d the second at the level of underlying causes, Some of the 


ind it is quite likely that concepts which are valid in that area may not 
the rem iindet of the (reat Basit R But these are not serious de- 
such as these; it is more important that a working hypothesis 


tive than that it be right. The merit of the articles depends on the 


‘xtent to which, by giving new meanings to familiar relationships. and sharpen- 
eption for inter-connections that might otherwise be missed, they 
tend to accelerate the gathering and analysis of the data needed for an eventual 


understanding of the post-orogenic history of the Great Basin. 
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AS STRATIGRAPHIC UNITS 

olcanic rocks as stratigraphic units requires 
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vood models of those of the past. It is probably true, as pointed out by Howe! 
Williams (oral communication) that most of the Tertiary nuées issued from 
fissures rather than from central vents, but to call them “nuées ardentes of the 
fissure eruption type” would be to beg a very important question, “Nuée 
ardente of the Great Basin type” has some advantages, but anyone familiat 
with the rocks in question is aware that they represent a wide variety of me- 
chanisms of eruption and spreading, which are not well understood, In this 
paper “nuée ardente” without qualifiers merely means that the characteristics 
of the ancient pyroclastic deposits indicate an eruptive mechanism, the closest 
approach to which in modern times is that to which this term was applied by 
Lacroix and Perret. The alternative is to invent a new word, and the only 
justification for so doing is the argument that “nuée ardente” should be re- 
stricted to the small scale eruptions to which it was first applied. This pious 
thought is not realistic. As indicated above, the term has been used loosely. 
generally for the type of eruption which operates as a density current, by many 
workers for many years: its virginity could not be restored, even if it were 
desirable to do so. 

An understanding of the mechanism of origin of the volcanic rocks of the 
Great Basin depends primarily on accumulation of data regarding such factual! 
matters as the areal extent of individual units constituting the Tertiary succes 
sion; the principal types of units represented; and lateral and vertical varia- 
tions in degree of welding, size of rock fragments and crystals, and the many 
other lithologic features that characterize each type—until these things are 
known we do not even know what a theory of origin must account for, The 
first essential step in this direction is the working out of the regional strati 
graphy of the volcanic rocks; we are now in this stage of the investigation. 
Origin is not an issue in this article—the concept stated above in oversimplified 
form, that the ignimbrites were spread laterally as density currents of very 
high fluidity, is significant only in that it provides a rational explanation for 
their observed habits of form and distribution, These rhyolitic and latitic units 
nowhere exhibit the bulbous forms that are characteristic of silicic lava flows. 
but show instead a distribution approaching that which would be assumed by 


sheets of water, surrounding hills and filling lowlands and valleys to a common 


level 


Zirkel used “welded” and “fused” at a number of places in his descrip 
tions of silicic rocks of the Fortieth Parallel collections, for example, “a pumice- 
bre Cla whic h the mi roscope disc overs to be ( omposed of numerous fragments 
welded or cemented closely together” (1876. p. 2607). It is clear that he was 
aware of the unusual nature of these rocks, but his meaning of ““welded” seems 
to have been quite different from its present meaning as applied to volcanics. 
The term was first used in the modern sense by Iddings in discussion of the 
microscopic features of a volcanic rock occurring in Yellowstone Park: he 
described the structure as “a confusedly twisted arrangement of glass fibres 
and films,” and suggested that the rock might have been formed “by exploded 
fragments of molten material . . . which fall together in a heated condition. 


plastic enough to weld together in a compact mass” (p. 404-406). The con- 


of welding is now usually associated with the nuée ardente type of erup- 
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into the areas of complexity, where the ignimbrites serve as keys to ceol- 


proble ms that could not be solved locally. 

Probably a much more important explanation of the general failure to 
recognize the usefulness of ignimbrites as regional stratigraphic units is the 
fact that most workers in the Great Basin have been preoccupied with othe 
aspects of the geology, and have been inclined to dispose of the volcanics with 
a single map color or, if something more is required by obvious differences in 
lithology or structure, to lump them in the fewest possible cartographic units. 
An attitude that is very common in the present generation was expressed by 
Spurr in 190] 

ranges . narativelv slight. since the 


o abundant that nearly everywhere they mask the structure. 


ire mine, It goes without saying that this dim view of the vol 


es is not conducive to rapid strides in the understanding of their stratigra 
Individual depositional units are not apt to be mapped separately if it is 
e a certainty, without looking, that they have no continuity: and the 
the units are readily correlatable from range to range is no! 

zed if such correlation is considered to be impossible. 
ture provides ome noteworthy exceptions to these generaliza- 
tions. Studies by Ransome (1909) in the Goldfield district, Nevada; Ransome. 
Emmons. and Garrey (1910) in the Bullfrog district, Nevada; and Callaghan 
(1939) and Kerr and others (1957) at Marysvale, Utah, are examples of the 
y volcanic units in working out structure in mining districts of 
extraordinary complexity. Anderson and Russell (1939, p, 243-247) identified 
the Nomlaki tuff of Pliocene age in the northern Sacramento Valley as a nué« 
ardente di posit ind used it as a key bed in stratigraphic studies over an area 
of about 2000 square miles, The Rattlesnake tuff is now recognized as a single 
ignimbrite (Wilkinson, 1950) that may have covered as much as 5000 square 
mile eastern Oregon in Pliocene time (Campbell and others, 1958). Van 
Hout 1956) “vitric tuff’ is a distinctive suite of Mio-Pliocene tuffaceous 
deposits rather than an incividual depositional unit, but is is said to be recog- 
nizable and usable as a stratigraphic datum throughout most of Nevada and in 

I ng parts of the Great Basin 

lly true that some of the volcanic units of the Lron Springs 
distinctive lithologically. so well exposed, and so obviously con- 
tinuous t they very nearly map themselves—-seven “flows” were distin- 
euished 1 reconnaissance study in 1908 (Leith and Harder. plate Ll) 
Moreover, the volcanics are readily separable into unconformable sequences 
which predate and postdate the ore-bringing intrusions, and a knowledge ol 
the detailed stratigraphy of the pre-intrusive and post-intrusive sequence is 
essential to any understanding of the localization of the ore bodies and virtually 
every other aspect of Tertiary structure and physiography. In other words, in 
Iron Springs it was both practicable and necessary to work with the individual 
depositional units comprising the volcanic section, and this work quickly 
changed my attitude from one close to Spurr’s to the diametrically opposed 
position of this paper, which lumps the pre-Cambrian, Paleozoic and Mesozoi 
rocks as a pre-Tertiary basement complex, of interest chiefly as the underpin 
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ground for principles of ignimbrite stratigraphy, regional reconnaissance by 
me indicates that an area of about 10,000 square miles in the Great Basin and 
the High Plateaus in southwestern Utah can be tied together by one or more 
groups of ignimbrites. Cook has independently developed a correlation network 
for an area of comparable size in eastern Nevada. 

Identification of individual ignimbrites in these reconnaissance studies is 


based in the field on conventional lithologis characteristics and, of course, as 


in all correlation of stratified rocks, on similarity in sequence. A laboratory 


method that has proved very useful in testing tentative field correlations is 
outlined in an accompanying paper by Paul L. Williams. Briefly, the method 
involves binocular study of “thick sections’, etched and stained to aid in dis- 
tinguishing the minerals; ratios of crystals to ground mass, percentages of the 
principal rock-forming minerals, and other properties are expressed by histo- 
crams. Individually (fig. 2) or arranged in columnar sections in a correlation 
chart as in William’s paper, the histograms provide an effective means of con- 


veying a large amount of mineralogic data at a glance. 


QUICHAPA FORMATION 

General statement.—Discussion of systematic stratigraphy is beyond the 
scope of this article. but an understanding of the general nature of the volcanic 
succession and the approximate age relationships are essential for what follows. 
lor ease of reference in this article, in the companion paper by Williams, and 
in other papers now in preparation by the University of Washington group, 
certain voleanic units that are known to be regional in extent are assigned 


formal strat raphi¢ names, 


The Cr chapa formation! is not at the base of the volcanic section in 
southwestern Utah, but it is in several respects well suited to introduce and 
llustrate the concept of a regional stratigraphy based on ignimbrites. The 
three or four ignimbrites comprising the formation were spread over a surface 
of low relief throughout most of the area where they have been mapped, and 
there was no roughening of any of the units by erosion prior to emplacement 
of the next unit. These circumstances mean (1) that the Quichapa ignimbrites 
show none of several sorts of internal complexities associated with strong relief 
m the underlying surface, and (2) that they tend to be substantially uniform 
in thickness and to be in the same orderly sequence over very large areas. 
Moreover, the Quichapa units are characterized by unique sets of lithologic 
features and complements of minerals that make them rather readily and posi- 
tively identifiable, Finally, it so happens that the Quichapa sequence includes 
the three principal types of ignimbrites which occur in the Great Basin, so that 
most other ignimbrites can be succintly described as variants of one or another 
f the Quichapa units, as types. 


The various makeshift names that have been used in the past for the 


Cook’s designation of the Quichapa as a group (1957, p. 53) corresponded with my usage 
it that time, But in addition to the regional ignimbrites which make up most of the 
Quichapa, which need formal stratigraphic names, there are in many places lava flows and 
ther local intercalations which are best referred to in lithologic terms, It is a well estab- 

d rule that a formation may include undesignated units of member rank, but that all 
of the formations comprising a group should carry formal stratigraphic names (Ashley, 
1933). Chiefly for this reason, I now favor a formational rank for the Quichapa. 


89 
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s district is foll : Leach Canyon tuff. the south side 
Desert Mount quadrangle; Swett tuff, the west-facing scarp 
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rder of superposition shown in the table 


iva flows or other voleani« rocks low il in 


ire given in the reports ¢ ited in table ] 
al rock-forming minerals are shown by histo 


fivure 2 of this paper, Des riptions at the 


certain features of the units which bear o1 


cliff exposures in the vicinity of Leach 


single depositional unit, remarkably uni 


V Structural Significance of 
\ \ Su ess Soul estern Utal 
54 57 Tt paper 
= €} Kane Po tuff 
J 
we Kar 
+ 
r 4 
ea Ny 
emper 
AA e tiff 
= Na Nat 
+ 
ar for atior ar for 
ed \ 
e Swett H 
( \. W. quad 
e 
¢ ent t 


Tertiary Volcanic Rocks in Southwestern Utah 9] 


form in lithology through a thickness of 450-500 feet. Except at the base and 
near the top the rock consists of a matrix with the texture of unglazed porce- 
lain, gray to flesh in color, enclosing fragments of dark red felsite, light gray 
pumice, and other rocks, and crystals of quartz, feldspar, biotite, and other 
pyrogenic minerals, mostly broken, A square foot of exposure commonly shows 
five to ten readily visible lithic fragments. The fragments make up as much as 
lO percent of the rock, and the pyrogenic minerals range from 15 to 25 per- 
cent, There is no suggestion of grain-size stratification, but some favorably 
situated faces exhibit a poorly developed foliation paralleling the base of the 
init, brought out by a preferred orientation of lenticules of pumice and other 
rock fragments and mineral grains. The foliation plane shows no lineation: 


there is no alignment of inequidimensional fragments or grains, and the pumice 


lenticules are shapeless blotches, The absence of lineation indicates that the 


foliation is a compaction structure, not a flow structure in the conventional 

The stony-textured material grades downward uniformly or through a 
zone of interlensing into black, gray. or salmon silky-lustred vitrophyre which 
ranges from zero to several tens of feet in this kness, The proportions and types 
f rock fragments and mineral grains in the vitrophyre are substantially the 

the stony-textured material. There may or may not be a layer of 
ish as much as ten feet thick at the base. 

In the upper 50 to 75 feet of the unit there is a gradual decrease in the 
number and size of the rock fragments, and in the degree of induration, In 
ome places the uppermost few feet consist of distinctly bedded tuff, rich in 
pumice granules: this part of the deposit is evidently air-fall ash, The slightly 
ndurated upper phases are preserved only under special circumstances, to be 
outlined below 

The conspicuous rock fragments, the general absence of sorting, the com- 

radation from basal vitrophyre to ashy top, and other characteristics of 
on tuff indicate, on the basis of the field relations alone ( with- 
croscope), that the unit as a whole cannot be a lava flow 

vy air fall tuff nor any combination of these: it is clearly the 

which the term “ignimbrite” was proposed by Marshall, It is 

closely similar to the Bishop tuff of California (Gilbert, 1938). 

The Bauers tuff differs from the Leach Canyon tuff in three 

are of petrogenetic interest: (a) the content of pyrogenic mineral 
ippreciably lower (10 to 15 percent as compared with 15 to 25 per- 

l) foreign rock fragments are rare or absent; and (c) it is much more 

‘ly indurated. At Bauers Knoll and in about 95 percent of its outcrop 
trea in the [ron Springs district it consists of three intergrading but sharply 
contrasted phases: a basal vitrophyre about 10 feet thick; a middle lithoidal 
phase characterized by a conspicuous compaction foliation, 150 to 200 feet 
thick; and an upper non-foliated lithoidal phase, 10 to 40 feet thick. 

The basal vitrophyre is black and has the glassy luster and conchoidal 
fracture of obsidian, Toward the top it is flecked with red spherulites, The 
transition to the overlying lithoidal phase is generally deeply weathered, a fact 


that suggests that the vitrophyre was predisposed to rapid weathering by al- 


~ 

=, 
= 

~ 
= 
= 
~ 


92 |. Hoover Mekhi 
| 
c Kar e } 
tuff WN 
N 
| FA 
Rencher 
formal = 
Bauer 
— 
tull 
role-in-the-Wall 
S Bald = 
| 
membe =| 
= 
== = 
{ 4 
x 
50h 
AR hornblende 
I "her yst mposition of certain voleanic unit 


Tertiary Volcanic Rocks in Southwestern Utah 93 


teration effects associated with devitrification, The fact that this type of transi- 
ion zone is rarely exposed explains why, in similar ignimbrites elsewhere in the 
Great Basin, it has been mistaken for a contact between a thin glassy lava flow 
and an overlying stony-textured flow or indurated pyroclastic deposit. 

The foliated lithoidal phase is pale red to deep red-brown in color. The 
foliation is made apparent by a parallelism of light gray lenticules that make 
up as much as 10 percent of the rock. The lenticules range in size from barely 
visible wisps to 5 inches in thickness and many feet in length—the ratio of 
thickness to length is extremely variable, ranging from 1:2 to 1:25. The folia- 
tion tends to conform with ise base of the unit and there is no lineation in the 
foliation plane—“length” of the lenticules, seen in a face normal to the folia- 
tion, is actually the diameter of irregular discoids, The lenticules terminate by 
wedging out or feathering out, or in angular faces that are suggestive of frac- 
ture but are raggedly gradational when viewed with a lens, They are in some 
respects superficially similar to the flattened pumice inclusions in the Leach 
Canyon tuff, but there is reason to believe that they were formed primarily by 
recrystallization of gas-rich portions of the consolidating and compacting 
ignimbrite material. The field and laboratory evidence bearing on this matter. 


and views expressed in the literature, are too involved for discussion here; it 


suffices to say that the gray lenticules are earmarks of the middle foliated phase 


of the Bauers tuff throughout its known area of distribution. 

The foliated phase grades upward, usually with a decrease in depth of 
color, into the massive lithoidal phase which contains no lenticules, In most 
places the massive lithoidal phase is overlain directly by the Harmony Hills 
tuff; it rings to the hammer up to the contact, and the contact is knife-blade 
sharp, so that a specimen can be taken across it. 


Phis relationship is anomalous. If an ignimbrite is defined as the deposit 


il dimension of the columnar section is about 4000 feet; no scale is given 
section is composite, intended to convey only the general order of magnitude 
thickness of the units. All are not present in any one place. Most of the contacts 
sional disconformities and some are angular unconformities, Sedimentary and vol- 

local extent, which are intercalated at every contact, are not shown. 
iduration is indicated schematically in the columnar section by three pat- 
for slightly indurated, friable rock; a heavy stipple for moderately 
i firm lithoidal matrix; and a heavy stipple combined with horizontal 

and lithoidal rock of lava-like hardness. 

g e arranged in three rows corresponding with the general types of 
s dis d in the text. The left column includes histograms for units of the 
larmony Hills type, characterized by a relatively high percentage of crystals and a low 
egree of induration, The Minersville tuff, which has a very thick vitrophyre at or nea 


ignimbrit 
d 
where it is best known, is an exception to this rule. The column on the right 
Bauers tuff and three other units of the same type, characterized by a low 
crystals and an assemblage of lithological properties indicative of high tem- 
of emplacement; the Hole-in-the-Wall and Baldhills members may be 

manner transitional between ignimbrites and lava flows 
noted that the percentages of crystals shown in the histograms includes 
enough for identification by binocular study of stained slices, This per- 
centage may considerably lower than the percentage of crystals based on study of thin 

sections with a pe trographi microscope 
Particular n the voleanic units with a low percentage of crystals, the phenocryst 
composition as shown by the histograms has little significance with regard to the rock 
name. For example, as noted in the text, a chemical analysis of the Baldhills member ir 
} quartz latite compositional range 
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| he hiotite grains are cleavage flakes which tend to he oriented subparalle! 
with the base of the unit: the resulting foliation makes it possible to obtain an 
attitude in most ledge outcrops, The thickness ranges from 300 to 350 feet in 
the Harmony Hills. It is for the most part only moderately indurated; except 
as noted below. there is no sign of welding, In contrast with the Bauers mem- 
her, the Harmony Hills member poses the field question, ignimbrite or airfall 
tuff 

Perhaps the most compelling evidence bearing on this question is presence 
near the base of the unit of schlieren of black vitrophyre which grade into 
the surrounding rock, forming the “wilsonite” of the New Zealand writers 
(for example, Marshall, 1935, p. 330). In some places the schlieren coalesce 
to make a massive vitrophyre layer comparable with that of the Bauers tuff. 
It is significant also that most of the Harmony Hills member shows no grain 
size stratification—in so thick a deposit, covering an area of several thousand 
square miles. an absence of sorting indicates a method of spreading other than 
dispersal by winds. 

Pock marks or nodes on some exposures of the basal part of the Harmony 
Hills tuff call attention to the presence of inclusions, etched out by differential 
weathering. which might readily escape notice on a fresh break because the 
lithology is similar to that of the enclosing rock, The inclusions are rounded 
to subangular discoids. commonly a few inches in greater diameter, oriented 
parallel with the base of the unit. They are clearly cognate in that they are 
certainly in some manner consanguineous with the rock unit in which they lie. 
but their mechanism of origin is uncertain and the problems are much too in- 
volved for discussion here; for the moment, the point made is that inclusions 
characterize the lower part of the Harmony Hills tuff in some places, and that 
they are autoliths rather than xenoliths. 

Lateral extent of the Quichapa units.—It is a good general principle that. 
in the measure that an hypothesis is inherently unlikely, the evidence required 
to endow it with a given degree of validity must be strong in the same meas- 
ure, Certainly it will seem in the highest degree unlikely to nearly everyone. 
perhaps “impossible” to some, that individual ignimbrites are correlatable 
from Brian Head (Cedar Breaks) in the Colorado Plateau for a distance of 
about 100 miles westward to the Upper Narrows of the White River near Hiko. 
Nevada. But the evidence supporting the correlation is very strong. We deal 
with three or four units, each more or less unique in mineralogy, in the same 
sequence in each of the histogram columnar sections in Williams’ chart and in 
many ier measured sections as well, Identity of the units is further checked 
by suites of heavy accessories and by special “index minerals”; for example. 
pan concentrates of material weathered from the Leach ( anyon tuff show an 
amount of sphene of an altogether different order of magnitude than the con- 
tent of this mineral in other ignimbrites studied to date in the Great Basin. 


And it should be noted that the laboratory work merely confirms correlations 


tentatively established in the field on the basis of general lithology. types and 


proportions ob in lusions, jointing habits. and weathering and erosion forms of 


the individual ignimbrites. 


| 


Structural Significance of 


The best field check he correctness of correlation is success in predic- 
of the physical properties of the units next overlying and underlying the 
ight on the basis of the known succession, The Quichapa units have 

so consistently in so many places that it is no longer surprising to 

he sequence in prope order in an area examined for the first time—it is 
flaw in » order that is anomalous. The explanation, if it can be worked 
s usually in terms of topographic features, residual or formed by con- 
nt deformation or local volcanism, which prevented the spreading of the 
the place in question, or caused it to be unusually thin or thick. 

The areal extent of the Quichapa formation in southwestern Utah only, 
s, not including its extension in southeastern Nevada, is about 2500 square 
A conservative average thickness of 1000 feet makes the volume about 
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These questions are worth asking because they bring out the full meaning 
of a point suggested earlier. We are not “drowning in data” relating to ignim- 
brites: we have as yet only a small fraction of the data needed for an analysis 
of the origin of these rock units. Work with single vertical sections, and map- 


ping in limited areas, are good starts, but because many of the units are re- 
gional in extent, any comprehensive study of them must be on the same scale. 
[he first step must be the restoration, as of the time of their origin, of a 
representative number and variety of the Tertiary ignimbrites; the evidence 
that is basic to such restorations can be obtained only by regional stratigraphic 
studies 
POST-QUICHAPA VOLCANICS 

General Spreading of the Quichapa ignimbrites as flattish 
sheets over a tolerably level plain was followed by a protracted period during 
which continued or recurrent volcanism was accompanied by emplacement of 
laccolithic intrusions in the Iron Springs district. The intrusions produced 
dome mountains as much as several thousand feet high, The lowlands between 
ind adjacent to the intrusive domes were the site of deposition of (a) direct 
oleanic products, as lava flows, ignimbrites and lahars, and (b) detrital ma- 


terials supplied by erosion of the domes. The detrital materials consist mainly 


ragments of the Quichapa and older volcanic rocks, but in some places in- 
fertiary and Mesozoic sedimentary rock types and fragments of intru- 
rock—-the sequence clearly represents the erosional deroofing of the 
ve domes, The record is complex because the direct volcanic products 
e detrital materials interfinger irregularly, and especially because addi- 
trusions were emplaced from time to time during the period, deform- 
Ider interintrusion 


trough deposits and radically changing patterns of 


her formation.__The Rencher formation (Cook, 1957, p. 57-59) con- 
dominantly of crystal tenimbrites and other volcanic rocks which max 
directly on the Harmony Hills member of the Quichapa formation, or on 
detritus bordering the intrusive domes, or unconformably across the 

ited edges of all the older strata on the flanks of some of the domes. 
Page Ranch formation The Rencher formation is overlain by the Page 
rmation (Cook, 1957, p. 61-63). a composite unit typically exposed 
x scarp two miles northwest of Page Ranch and one mile south- 
Old Trontown Historic Site (see Page Ranch quadrangle). The lower 
art of the scarp consists of crudely bedded fanglomerate, made up chiefly of 
subangular blocks of the Harmony Hills tuff and other Quichapa ignimbrites, 
here designated the lrontown member of the Page Ranch formation, The upper 
the scarp consists of a vitric ignimbrite of rhyolitic composition, here 
designated the Kane Point tuff for a peak of that name several miles ‘to the 
southwest on the same scarp. These two members of the Page Ranch formation 
clearly represent the filling of a synclinal trough between the Iron Mountain 
ind Mount Stoddard intrusions. There has been little or no deformation of the 
Page Ranch formation at the type locality, but elsewhere in the lron Springs 
district 


(for example, on the east side of an intrusion that underlies parts of 


the Antelope Hills) it has heen sharply flexed. 
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ture which causes it to break into roughly cubic granules. It is here designated 


the Baldhills member for its occurrence in a ridge of that name (see Three 


Peaks quadrangle) which trends northward from the type locality of the [som 


formation. The uppermost member of the Isom formation at the type locality is 
t sheet of latite porphyry, lithoidal in texture and purplish gray in color, with 

eht gray lenticules similar to those of the Bauers tuff, This unit is rarely more 
than 40 feet thick, but it is very widespread and is here named the Hole-in- 
the-Wall member for its occurrence at the east end of a pass of that name, two 


miles north of the type locality of the Isom formation. 


The Baldhills and Hole-in-the-Wall members exhibit some of the features 


I mimbrites of the very highly welded type represented by the Bauers tuff. 
but they have internal structural features indicative of viscous flow. and other 
ules. which mark them as aberrant types. The fact that their 


leatures., as vest 


mechnism of origin is not known does not detract from their value as strati- 


m formation is at most only about 500 feet thick in the Great 
southwestern Utah. It thickens greatly and is widespread in the High 


ot enough is vet known of its distribution to justily an estimate 


nad volume 
formation, The Needles Range formation consists pri 
tal-rich ignimbrites of the Harmony Hills type. Colors are com- 


dark red brown, but range widely from black in the solidly 


hyre phases that occur near the base of some of the units to light 


r almost incoherent uppermost parts, The type lo« ality is the east 


Needles Range at and south of the Garrison-Milford Highway, In 


the Needles Range ignimbrites rest on an erosion surface with a 


nuch as 500 feet cut in Paleozoic rocks, or on early Tertiary 

wustrine sediments or older volcanics which lie in erosional 
n that surface, There is in most places no evidence of 


ss1ons 


f time between the deposition of these rocks and the 


first ignimbrite of the Needles Range formation—the sub- 
inics are arbitrarily excluded from the formation on the basis of 
In most places the Needles Range formation is sharply defined at the 
<y latitic rocks of the lsom formation. 
iy sections of the Needles Range formation include two. and some sec- 
clude three separate ignimbrites. The lower of the two members at the 
\ s here designated the Wah Wah Springs tuff, for its occurrence 
just south of Wah Wah Springs, fifteen miles west of the abandoned mining 
of Frisco, At this place the unit is 700-800 feet thick and is probably 
bstantially complete—it shows a complete gradation upward from a black 
vitrophyre at the base to a light gray nonwelded ashy top, The upper member 
it the type locality is designated the Minersville tuff for its occurrence in the 
Minersville Canyon of the Beaver River, where it is represented chiefly by 
dark gray to black devitrified tuff several hundred feet thick. underlain by the 
Wah Wah Springs tuff and overlain by the Isom formation. 
Lateral variations of these and other as yet undesignated members of the 


Needles Range formation need no discussion here. It may be stated briefly 
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The Claron formation consists of as much as 1500 feet of fluvial and 
lacustrine sediments, first described by Leith and Harder in the Iron Springs 
district (1908, p. 43). It is not complete at Mount Claron, but the intended 
rock content is clear from the Leith and Harder mapping and text treatment. 
In detailed remapping it is possible to carry four to seven lithologic members 
throughout the district (Mackin, 1954). These members need no discussion 
here, but are worth mention because at least three of them have exact equiva- 
lents in the Pink Cliffs at Cedar Breaks, 20 miles to the east and 5,000 feet 
higher. near the crest of the Markagunt Plateau. In general, both in the Iron 
Springs district and at Cedar Breaks the formation consists of a lower part 
made up chiefly of freshwater limestone, sandstone, and conglomerate, char- 
wteristically red in color, and an upper part made up chiefly of sandstone and 
conglomerate, characteristically light gray in color, with one or more interbed- 
ded layers of white limestone. The gray unit is increasingly tuffaceous toward 
the top. Gregory called the Cedar Breaks strata Wasatch or “Pink Cliffs 
Wasatch” and considered them to be Eocene on the basis of fresh-water shell 
material (1949; 1951, p. 50-52). But Claron is preferable to Wasatch as a 
formation name (Spieker, 1946, p. 137-139), and is used hereafter in this 
paper both for the Great Basin and the Plateau occurrences; “red Claron” and 
“oray Claron” are used informally, in much the same sense as Gregory's “red 
Wasatch” and “white Wasatch,” for ease in reference to the lower and upper 
parts of the formation. 

In the Iron Springs and Red Hills districts the Claron formation rests o1 
an erosion surface which truncates Cretaceous and Jurassic strata locally over- 
turned in Laramide foreland folds (Mackin, 1954, fig. 4; Threet, 1952, p. 76- 


79)—-the Claron is clearly post-Laramide (see fig. 3). The “red Claron” con- 


tains no igneous detritus; shards and other pyroclastic materials first appear 


in the “gray Claron.’ 

lynimbrites of the Needles Range formation rest concordantly on the 
‘gray Claron” in an area of many hundreds of square miles in the transition 
zone and the Plateau. In some places, as in the northern part of the Iron 
Springs district, there is a lag mantle of quartzite pebbles at the contact and/or 
bentonitic weathering of the tuffaceous Claron sediments just below the con- 
tact. In the Red Hills and the Bull Valley districts ignimbrites that are quite 
certainly members of the Needles Range formation seem to be interbedded at 
the top of the Claron, that is, there are Claron-type sediments above, as well 
as below, the first Needles ignimbrites. And it may be noted that, in some 
places in the transition zone, volcanics similar to those which underlie the 
Needles Range formation at its type locality lie between the Claron formation 
and the Needles Range formation, The over-all relationships suggest that the 
explosive eruptions represented by the pre-Needles volcanics and the tuffaceous 
materials in the upper part of the “gray Claror” culminated in the paroxysmal 
nuées which spread the Needles ignimbrites across a Claron fluvial and lacus- 


trine plain which was in some places still the site of deposition of Claron-type 
* A paper now in preparation by Threet will explain why it is not practicable to use 
Gregory's “Brian Head formation” in a discussion of the detailed stratigraply of the vol 
canic rocks of the High Plateaus 
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tuffaceous sediments said to have been spread southward from the Tinti« 
(Muessig, 1951: Morris, 1957, p. 30). The Sage Valley limestone membet 
ch formation has yielded fossil plants regarded by R, W. Brown as 
age (Muessig, 1951). Morris states that two intrusive bodies of 
have been zircon dated as 46.5 and 38 m.y. (1957, p. 30). 
rvo is several tens of miles beyond the northeastern border of 
Ne t dle s Range formation is we I] « nough known to be corre | ile d 
enimbrite there is a Needles Range member then Muessig’s Green 


lor and increasingly tuffaceous and bentonitic toward the top 

the “gray Claron” of southwestern Utah, which is also in 
bentonitic toward the top. The underlying Flagstaff formation, 
non-voleanic, may be equivalent to the non-volcanic “red Claron’ 
been held for some time by Spieker on the basis of regional 
ind lithologie similarities (1946, p, 136; 1949, p, 32: see also 
ind 56). It implies that the major change from non-volcanic 

dominantly volcanic conditions occurred at about the same 


southwestern Utah, and that the first. re onal ignimbrite, a member 


formation, spread over both areas late in Green River time 

MeGookevy near iheld, in central Utah about 50 miles south 
tes a different history, His section includes two voleanic units, 

his guidance and in company with Spue ker, which are 

m members. But MeGookey’s Needles Range member 
fluvial and lacustrine sediments, the Crazy Hollow and Gray 
to rest unconformably on the Green River formation. For 
that the Needles Range member (7) which is the first re 
s considerably younger than the ignimbrite which rests on 
n Creek reservoir, He ugg further, in a paper now in 


tah equivalents of the “red Claron” and the “gray Claron” 


I 
Hollow, which is dominantly red and non-voleanic, and the 


and increasingly tuffaceous toward the top. According to this 

Range formation is perhaps early Oligocene in age 
ly necessary to visualize a restored section including the sedi 
1 volcanic units in question to make clear how widely varied are 
irrangements of time lines connecting the different places, for 
the Tintic, Marysvale. and southwestern Utah eruptive centers. 
of the conflicting and inconclusive evidence known to me bearing on 
il problem. and particularly on the age of the Needles Range forma- 
ould not be worth the space it would occupy and it is in any case beyond 
ype of this paper. The point made here is simply that (1) as emphasized 
correlation of complexly intertonguing fluvial and lacustrine 
vy units of the type that characterize the late-orogenic and early 
c period in the Colorado Plateau-Great Basin transition zone is 
best and (2), when the regional stratigraphy of the volcanics has 
irked out the ionimbrites will provide a means ol « ross-dating reolovit 

th a precision not obtainable by any other method. 
ng establishes only the relative order of events, As indicated 
ignimbrites contain enough radioactive substances to allow “ab- 
re determinations within certain limits of error. which will surely be 

reduced as the methods are peries ted. 

It is interesting, after arriving laboriously at the ideas stated above. to 
find that Dutton’s studies in the High Plateaus north and south of the Tushar 
voleanic pile led him to state, in 1880: 

These tufas rest everywhere upon beds which are either of Bitter Creek on 
and must have been deposited before the final dessication of 
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activity in the various parts of the Great Basin were contemporaneous, or were 
otherwise systematically or randomly placed in time, The ignimbrite stratigra- 
phy will provide a much-needed basis for working out the post-orogenic de- 
formational history of the Great Basin, to be considered in the next section. 
Finally, a well-established regional stratigraphy is a prerequisite for obtaining 
data on lateral and vertical variations in thickness, degree of welding, sizes of 


crystals and clasts, and other original features of ignimbrites, that are essential 


to any understanding of the origin of these extraordinary volcanic units, 
THE BASIN-RANGE PROBLEM 
[he physiographic approach.—The history of thought regarding the origin 
of basin-range topography has been summarized by Davis (1903, 1905), 
Gilbert (1928), and most comprehensively, with respect to its stratigraphic 
ind structural aspects, by Nolan (1943); the high points that are significant 
for present purposes can be stated very briefly: 

King stated (1870) that the present topography was formed by erosion of 
highlands produced initially by the deformation recorded by structures of the 
pre-Tertiary rocks comprising the ranges. This view is representative of the 
habits of thought current at that time, as exemplified by the theory held by 
the Rogers brothers and Lesley for the origin of the Appalachian Mountains. 
lhe deformational history of an area was interpreted solely on the basis of the 
structures of the rocks—landforms entered into the thinking only as indicating 


the recency or antiquity of the orogeny. 

Gilbert (1874, 1875) saw a difference in kind between the narrow. V- 
shaped erosional valleys that dissect the ranges and the broad alluvium-floored 
sasins that lie between them. He noted, moreover. that the trend of the ranges 
ommonly differs from the trend of their internal structures. and that at many 


range fronts the structures are truncated by straight baselines not adequately 


explained by erosion alone. He concluded from these and other physiographic 


relationships that the ranges must correspond with blocks raised relative to the 
idjoining basin blocks by movement on range-front faults, Powell (1877). and 
it about the same time King (1878), recognized the possibility of two distinct- 
ly different types of crustal movements in the Great Basin, and Powell espe- 
cially made the point that the folds and other strongly compressional structures 
within the ranges pre-date and must have been deeply eroded prior to the block 

faulting, Dutton (1880. p. 18) stated this view succinctly: 
rhese flexures are not, so far as can be discerned, associated with the building of 
the existing mountains in such a manner as to justify the inference that the flex- 
rearing of the ranges are correlatively associated. On the contrary, 
re in the main older than the mountains, and the mountains were 
by faults from a platform which had been plicated long before, and 
ifter the ne qualitie s due to such pre-existing flexures had been nearly obliterated 

ny rosion 

In opposition to these views, Spurr (1901) pointed out (1) that many 
high-angle faults within the ranges have no topographic expression, and (2) 
that there are no faults at many range fronts, where the alluvial deposits of the 
valleys overlap on the range-forming rocks. He made it clear that he depended 


on the solid geology that could be seen in a ledge and beaten with a hammer. 
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he insisted that the existing topography could 

olds. without benefit of later block faulting. 
1903. 1905) defended the Gilbert concept and 
teria for block faulting in the form now found 
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behind the idea that Great Basin block faulting occurred chiefly during the late 


in those ranges where it is well preserved, the “pre-faulting™ erosion 

used for measurement of block tilting and fault displacement 

only in very general terms because it was in most places a surface of consider- 
thle local relief (see, for example, Eardley, 1933), And there is always a ques- 
tion as to whether the “pre-faulting” surface is a “Powell Surface” in the 


sense of Davis’ meaning, that is, an erosion surface which pre-dates the be- 


inning of block faulting, or whether it may have been developed during a 
period relative crustal quiet between two episodes of block faulting, The 
difficulty ‘aline with the deformational and erosional history of a Great 
Basin range in quantitative terms on the basis of a 


restoration of the “pre- 
faultin 


erosion surface is brought out clearly by Gilluly’s sensitive handling 
oblem in the Oquirrh Range (1928. p- 120-122). 
ind stratigraphic evidences of block faulting which are at least 


’e from these limitations were described by Russell (1884) 


in 
southern ron. Where Steens Mountain and other ranges consisl 
mid-Tertiary basalt. The ranges are sharply asymmetric in form. The gentle 
back-slopes” correspond approximately with the homoclinal dip of the basalt, 


scarp slopes in many places show complex structures, generally credited 


mainly of 


There has been question as 


tep faultir drag effects, or superficial slides, 


the main faulting is reverse or normal (Smith. 1927: Fuller and 
1929) and there is a possibility that some of the ranges are asymmetric 
les (personal communication. Harry Wheeler). Definite answers 


mapping based on unit by unit stratigraphy of the volcanics. 


await 


a section of LUmtanum Ridge in Central Washineton. brings out 


isymmetry of form coupled with homoclinal structure in a ridge 


s not necessarily mean that the ridge is a fault block. The 


>of Lmtanum Ridge is excellently xposed where the 


immatic structure section of Umtanum Ridge 
ist west of the Columbia River near Priest Rapids, Washing 
rhe Yakima Basalt, of late Miocene age Phe section includes 
ts that are rapidly mappable throughout this part of the Columbia 
shown in solid black below the surface and restored by dotted lines above 
widespread porphyritic flow, distinguished in the drawing to bring out the 
tionships. The dash-dot line indicates the approximate level and form of a 
which bevels the steep limb of the fold in places remote from the main drainag 


pediment is covered by alluvium, the ridge simulates a tilted fault block. 
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s it diagonally. The flows and interbeds shown are 
(Mackin, 1955). The structure is a fold, overturned 

rth. Where this and other similar structures in Central 
1ote from main streams the shattered basalt of the sleep 


nmoniy truncated by a pediment (Waters. 1955, p. 676-679) and 


phic high is on the gently dipping limb as much as a mile from the 


of the fold. The nature of the structure is ap 
the pe diments are in various stages of dissection 
ympletely veneered by alluvium, the topographi« 
ture of the ridge might well be taken to mean tha 
The Columbia Basin is, of course, an altogether dif 
e Great Basin, but an image of Umtanum 

age happened to be internal, is a salutary 
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d Beaver 


50 miles 


5 miles 


eecetier 


agrammatic structure sections in southwestern Utah 
ds southeastward from Garrison near the Nevada line to Beaver, Utah, 
nto the Colorado Plateau, The Tertiary volcanic rocks, shown in 
est on Paleozoic rocks in the western half of the section, and mainly 
iron formation in the eastern half (see fig. 3). In the Needles and Wah Wal 
Needles Range formation is 0-500 feet thick and makes up most of the volcanic 
It thickens eastward to 1000-1500 feet in the Tushar Plateau, but the marked 
n thickness shown diagramatically in the section is due chiefly to the fact that, 
it is overlain by thick Isom units and by several thousand feet of post 
roclastics. The east-dipping homoclinal structure that characterizes the 
Needles, Wah Wah, San Francisco, and Mineral ranges is greatly 
the San Francisco and Mineral ranges by Tertiary intrusions; th 
ructural effects, are not shown. Faulting began in Needles time o 
the faulting that controls the topography is middle or late Tertiary. 
passes east-west through the southern part of the Mineral Range, three to 
the Beaver River. The sequence consists of Needles, Isom, and lowe 
es, interbedded with lava flows and lahars from the Tushar eruptive 
The unit shown in solid black is a member of the Isom formation. 


rock may have protruded through the volcanics, and there is reason to believe 
that block faulting was in progress in some places during Needles time, but the 
similarity in the voleanic sequence from range to range indicates that the 
Needles nuées ardentes swept across the entire span of the section. 

The interpretation shown in the section, which makes each range a tilted 
fault block bounded by normal faults, is the traditional basin-range theory, 
clearly « xemplified by Butler's sections of the San Francisco Mountains and the 
idjoining ranges (1913; 1920, figs. 2 and 53). It could be argued, because 
not a single range-front fault is exposed, that the faults might just as well be 
reverse as normal, or for that matter, that the Tertiary structure might be 
drawn as a series of asymmetric folds of the Umtanum Ridge type, with the 
steep western limbs of the anticlines nowhere exposed. 

Perhaps the most direct objection to the fold hypothesis is simply that, if 
there were in fact western limbs consisting of volcanic rocks, these should be 
exposed somewhere, in so many ranges, at, or north or south of, the line of 
section, Circumstantial evidence bearing on the question is as follows: 

Section B in figure 5 is an east-west section through the South Mineral! 
Range (the Mineral Range south of the Beaver River). The volcanic strata dip 
eastward in a belt four to six miles wide. If the faults were not recognized. the 
section could be taken to mean a thickness of the order of 10,000 feet, Actually 
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The chief reason for thinking that none were formed by folding is simply that 
no unequivocal cases have been described. Unequivocal means after elimination 
of (1) drag folds and other structures formed by draping of Tertiary strata 
over fault blocks. (2) local folding due to jamming between blocks, and (3) 
arching and compressional folding around intrusions, and other pseudotectonic 
effects to be considered later. 

It goes without saying that Tertiary strata are needed to demonstrate a 
Pertiary fold. The fact that a range corresponds with an anticlinal structure in 
Paleozoic rocks cannot be taken as proof that the range as a topographic fea- 
ture is a Tertiary anticline unless it can be demonstrated that the Paleozoi: 
strata remained flat until folded during the Tertiary. If the anticlinal structure 

defined by a thrust plane it must be demonstrated, in addition (1) that the 
hrust was nearly flat when it was formed, and (2) that it was not folded dur- 
the waning stages of the orogeny in which it was formed or during subse- 

‘nt periods of pre-Tertiary compressive deformation, In attempting to show 
ranges of the Great Basin were formed by erosion (not by faulting). 

Spurr (1901, p. 219-240) proved that the structure of the pre-Tertiary rocks 


has no direct bearing on the origin of the ranges by simply pointing out that 


the number of ranges showing anticlinal structure in pre-Tertiary rocks is 


equaled or exceeded by the number in which the structure is synclinal, What is 
more compelling. most ranges are neither anticlinal nor synclinal but, to the 
that they consist of folded strata. are both from place to place because 

nd of the fold axes is diagonal to the trend of the ranges. Finally. and 
ompelling. is the line of evidence mentioned earlier; namely, that Tet 
ileanic rocks, characterized by simple homoclinal structure, commonly 
unconformity which bevels the edges of compressional structures 

‘din the pre-Tertiary rocks. Some of the ranges in Osmond’s section 

ut this point very clearly, and the list of examples could be greatly 

ded if there were any point in so doing, The most recently described and 
striking example known to me is the case of the Stansbury Mountains in 

the structure of the pre Tertiary rocks is anticlinal. but the range is 

Rigby (1958) to be a Tertiary fault block on the basis of physio 


101 ships and the structure of scattered erosion remnants of Ter- 


homoclinal structure of Tertiary rocks to folding unless 

meclusive evidence that it was formed by faulting, It is of course true 

f the intervening basin floor is concealed by alluvium. adjacent ranges 1n 
ch Tertiary rocks dip in opposite directions can be interpreted either as 
1 single fold. or as a pair ol oppositely tilted fault blocks, provided 

hat attention ts limited loa single cross-section, not to the arrangement 


nees in plan and (b) that this cross-section is viewed out of the con- 


‘s regional setting. 

Opposed dips in adjacent ridges in the Pennsylvania Appalachians can 
he confidently interpreted as limbs of a fold even though the structure of the 
intervening valley is concealed, because (1) the axial parts of the many folds 
ire excellently exposed throughout the Pennsylvania Ridge and Valley prov 


ince: (2) the two ridges and the valley in question are elements of a systematic 
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the sea. The basin floors are pediments cut in the earlier fill, and the range 
front in the center of the drawing is a resurrected fault scarp, The dotted line 
indicates a still later erosional stage, with the ranges reduced to low relief, In 
the stages represented by the dashed and dotted lines the principal, and per- 
haps the only evidence of the episode of block faulting is the structure of the 
volcanic rocks 

Diagram B is similar to A except that the volcanic unit is overlain by a 
thick sequence of weak sediments deposited prior to the faulting. All the pro- 
files, solid, dashed, and dotted, are entirely erosional. There are probably no 
simple. large-scale examples of this case as such, but tilted sedimentary se- 
quences deposited under conditions wholly different from those of the present 
time are common in some parts of the Great Basin. 

{ common variant of these histories is the spreading of a younger se- 
juence of voleanics across the erosion surface in any erosional stage in eithet 
diagram followed by a second episode of block faulting, on the same faults o1 


new ones. and with the same o1 the opposite dire tion ol blo k tilting. 


Phe precipitous Hurricane scarp in the latitude of Kanarraville. Utah 
Gardner, 1941). is analogous to the fault scarp in figure 6. The fact that the 


Eocene (7?) Claron formation and the Oligocene (?) Leach Canyon tuff are 
ubstantially conformable in the Plateau and the Great Basin indicates that 


probal 


no major movement on the Hurricane fault occurred during the early 
Tertiary. Movement started during the mid-Tertiary and continues to the 
resent. The same conclusion applies to many other scarps in the Great Basin 


At the other extreme are extensive areas where there is basin-range struc 


ire but no basin-range topography, In the East Burbank Hills, for example. 


ide-spaced erosion remnants of the Needles Range formation represent the 


deeply inset edges of tilted fault blocks, preserved in what is now a late mature 


indscape (fig. 5A). The relationships are analogous to those shown by dashed 
ind dotted lines in figure 6. The faulting is certainly much older than that in 
the Hurricane zone—the advanced erosional stage suggests that it probably 
occurred during the early Tertiary, with little or no reactivation during the late 
lertiary. And the subdued erosional topography of the East Burbank Hills. 
vhich passes beneath the surrounding alluvium with a contact that is irregular 
in plan and erie rally shows ho break in slope, iS overlooked on the west by 
the rugged and straight-based front of the Snake Range, credited by Drewes 
1958, p. 237-238) to normal faulting of as much as 7.000 feet during middle 


ind late Tertiary time, 


Iwo or more episodes of normal faulting are demonstrated by structure, 
stratigraphy, and relationships of the faults to intrusions and metallization in 
many places in the Great Basin (see, for example, Ferguson, 1924; Hewett, 
1931: Gianella. 1936). 

Finally, some areas, for example, the greater part of the lron Springs dis- 
trict show little or no evidence of block faulting even though there are volcanic 
rocks of several ages to record such movements. 

The fact that Great Basin block faulting may have no topographic expres- 


sion raises a question as to whether “basin-range structure” should be re- 
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ts original meaning. i.e., the block fault 
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lain by a down-faulted block consisting of the same volcanic rock units which 
form the ranges on either side. The fact that the voleanic rocks stand highest 
long the borders of the basin, and dip away from it, might be construed as 
evidence that the faulting is of the ramp type—that is. that the major faults are 
thrusts which curve back under the ranges (Willis, 1928, p. 510-537). The 
minor normal faults exposed along the scarps would then be regarded as super 
ficial slips. But if the same relationships were viewed through glasses of a 
different color, the normal faults might be seen as the principal structural ele- 
ment ymptomatic of them, and the ranges might appear as tilted blocks in 
of regional “tension.” 

topography and exposed geology justify either of thes: 
eht out by considering some elementary physiographic rea- 


litional items of information as to the subsurface geology of 


ts course each of the paired scarps corresponds with a re 
ek relationship, and if the graded slopes are everywhere 


um-veneered pediments rather than aggradational surfaces, then the 
ully accounted for by differential erosion and cannot 
block faulting. The point is worth making because this topographic 
broad. flattish-floored basin flanked by rugged ranges with 


to be associated with basin-range structure even 


he idered 


tends 


‘rt and Davis were careful to point out that the physio; raphic 


faulting do not apply to the case shown in figure 7, But the 
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hich underlies the scarp-forming strata, to eliminate block 
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structure is an arch. deroofed by erosion. with inversion of 


ixial area at this level is comp sed of weak rock. 


the col of the glasses through which the arch is viewed. 


olor 

compressional anticline, proof positive ol « rustal shortening 

ubsequent ie spreading of the Tertiary volcanics. It might seem that the 
rmal faults in both limbs would give pause to this view, But if the coloring 
s deep enough the faults are seen, not as anomalous structures. 


thre hasse 


is evidence of a period of relaxation after the period of compression, or as 
evidence that there have been periods of crustal shortening and lengthening 
from time to time during the Tertiary. 

Because he can look deepe r than the floor of the basin. the reader has been 
all alone that the structure in figure 7 is an intrusive arch, The model 


is the Neck of the Desert. an alluvium-floored lowland in the 


{ the drawing 
lron Springs district. The lowland and the bordering ranges are superficially 
imilar to basin-range topography, but the scarps are actually cuesta faces. 
kept steep and straight by sapping—they are clearly in Dutton’s department. 
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\s stated above, deformation structures formed by intrusions are most 
readily identified as such in strata that are otherwise flat. The difficulty of in- 
terpretation is greater (1) where the intrusive structures are superposed on 


more older generations of tectonic structures, or (2) where they have 


one oOo 


I 


been broken and tilted by post-intrusive tectonism, Recent papers describing 
the deformation of flat overthrusts by exposed intrusions and further distor- 
tion of the resulting compound structures by normal faulting (e.g., Gilluly. 
1956: Drewes. 1958). suggest the difficulties that may be anticipated in the 
diagnosis of the same types of polygenetic structures where the intrusions are 
concealed. A good approach to the complexities of Great Basin relationships is 
via Hunt's exposition of the rich variety of intrusive structures in the Colorado 
Plateau and his analysis of the mechanism of origin of these structures (Hunt. 

s my impression that intrusions have been greatly underrated as 
‘structure-makers” in the Great Basin, This prejudice is helpful. not harmful 
it means merely that before structural features seen in the field or described in 
the literature are accepted as evidence of a type of post-orogenic regional 
tectonism other than block faulting, due consideration should be given the 


lity that they are intrusive. 


rURES FORMED BY GRAVITY SLIDING FROM PRIMARY RELIEF FEATURES 


The lron Mountain slide.—¥igure 8 is modeled after the lron Mountain 
intrusion in the lron Springs district. The lower drawing (section C) is a 
diagrammatic section through the intrusion. showing an interpretation of the 
present geologic relationships. The restorations in sections A and B are helpful 
in distinguishing three different generations of structures that are combined 
in section ( 

Section A includes the essential elements of the pre-intrusive geology, The 
thrust fault is a part of the lron Springs Gap structure (see fig, 3). It is not 
directly involved in the topic under consideration here, but is shown for later 
re ,erenct 

The second generation of structures, in Section B, belongs to the class 
just discussed: that is, they are structures formed directly by emplacement of 
the intrusion. L. M. and N are intrusive faults, normal, high angle reverse. 

low angle reverse. respectively. 

Section C shows a third generation of structures, formed by the sliding of 
huge masses of rock from the flanks of the growing intrusive dome—these 
structures are associated indirectly, rather than directly, with the room-making 
process. For what it may be worth by way of introduction to the problem, thi 
deductive approach is as follows: 

Strata known to have been substantially flat prior to the emplacement of 
the Iron Mountain intrusion are now near-vertical in the border zone. The 
structural relief of the intrusion is at least 3000 feet—the same order of mag- 
nitude as the thickness of the cover at the time of intrusion, The rate of em- 
placement is not known, but it is clear that there was only one episode of 
intrusion rather than a succession of episodes there is no cross-cutting of 


solidified or partly solidified porphyry by apophyses of later porphyry. The 
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not seen the field relations. The structure is mentioned here merely as an ex- 
ample of a type of anomaly—brecciated pre-Tertiary rock resting on Tertiary 
rock—encountered in many places in the Great Basin; the possible explana- 
tions always are (1) ordinary landslide, precipitated from a relief feature 
formed by erosion, (2) “gravity slide,” precipitated from a relief feature 
formed by tectonism or intrusion, and (3) low-angle thrust. 

The deductive considerations outlined above, and the othe possible cases 
of slides from growing intrusive domes, are of interest only as background and 
to make it clear that the idea is not new. Field relations indicating that the 
crescent of complex structure southeast of Iron Mountain was formed by slid- 
ing are spelled out in detail in a report now in preparation, which includes the 
colored maps and sections on which a demonstration must depend, What fol- 
lows is an outline of several lines of evidence intended to explain the slide 
theory, not to prove it 

Most exposures in the slide area can be mapped as consisting of one or 
inother of eleven well-defined members of the Claron formation and the vol- 

inic sequence. Were it not for this firm stratigraphy, which can be carried 
nto the slide zone from the bordering areas. nothing could be done with the 
nternal structure of the slide mass. The upper and outer part of the mass con- 
sists of a pile of imbricate plates made up chiefly of volcanic rocks in older- 
wer-younger relationship (fig. 8, section C). The lower and inner part consists 
f a chaotic jumble of Claron and Iron Springs sedimentary rocks, with as 
many as four repetitions of the same Claron members, all nearly vertical and all 
with the stratigraphic tops outward. Certain individual stratigraphic units with- 
the chaotic mass have strike lengths of as much as two miles, These “solid” 
slabs lis na brec« ia consisting of one or several rot k types. Slickensides pass 
from block to block through the matrix, and the breccia is so highly indurated, 


particularly where it is composed of volcanics, that it stands as ledges in bold 


relief, Clearly it is not in any sense a mudflow-fanglomerate deposit, but a 
crush breccia. Restoration of the structure indicates that it was formed as much 
is 2000 feet below the surface of the ground (fig. 8). The relationships are 
taken to mean that the slide consisted of two dynamically contrasted parts, an 
upper plate consisting of forward-riding sheets of competent volcanic rocks, 
ind a lower chaotic mass of crushed and rotated slabs of the relatively incom- 


petent Claron and Cretaceous sedimentary rocks. 


The possibility that the structure might have been caused by Tertiary 
thrusting is eliminated by the fact that it occurs only adjacent to that part of 
the borders of the [ron Mountain and other intrusions where the intrusive con- 
tact is nearly vertical—elsewhere in the 3000 square miles that have been 
mapped in detail by the University of Washington group the Tertiary sedi- 
mentary and volcanic rocks show no suggestion of this type of structure, or 
other evidence of strong regional compression. Moreover, the pattern of the 
deformation, both with regard to gross distribution and the orientation of in- 
ternal structures, proves that the movement was not in any one compass direc- 
tion but was radially outward from Iron Mountain to the south, southeast, and 


east 
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ps and sections 
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more complicated case in which a major basin-range fault corresponds in posi- 
tion with an overturned Laramide fold, and to the complexities caused by 


superposition of Tertiary intrusive structures on a Laramide thrust. 


x — 


lertiarvy deformation. 


ntrasted interpretations of two different issues: (1) whether 


gional extent: and (2) whether deformation after 


faulting. These issues are entirely independent 


as well have been combined with post-orogeni 
orogeni folding in Section A 
yinnin rtiary deformation, 


back to the horizontal. 


o} simple rotation.— Section \ in figure 9 shows three sedimentary 

as indstone. limestone. and a shale. exposed in lour range 

ind QO, separated by volcanic rock and alluvium. In ranges L and O low 

ele thrusts bring the limestone over the younger shale. In ranges M and N 

the sedimentary rocks are in the normal order of superposition, but there is a 
of gliding at the contact of the sandstone and the limestone. 


heavy dashed line in Section A shows an interpretation of the struc- 

» based on the attitudes of faults and bedding in the pre-Tertiary rocks only, 

is. on the basis of geologic observations in the Spurr tradition which lumps 
the Tertiary volcanic rock with the alluvium as part of a superficial blanket. 
ind leaves the landforms to the physiographers. According to this interpreta- 
tion. the older-over-younger thrusts in ranges L and QO, and the planes ol 
younger-over-older décollement gliding in ranges M and N, are at the base of 
the same far-traveled thrust plate. Folding of the thrust may be assigned to a 
waning stage of the orogeny or, if the attitudes of the volcanics are taken into 
account, the folding may be considered to be Tertiary. If the implication that 
the flat-floored basin between ranges M and N was developed by erosion in 


resistant sandstone is disturbing. minor range-front faults can be postulated, 


but these are incidental to the bed rock structure. 


Figure 9 B is an alternative interpretation of the same observational data, 


nut with the attitudes of the voleanics credited to block faulting. 
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Figure 9 C is a restoration of the Laramide structure, drawn to conform 
with the attitudes in the older rocks corrected by rotating the volcanics back 
to horizontality. The thrust in range L was formed with a westerly dip of 15 
not an easterly dip of 17°. The thrust in range O is an entirely different struc- 


ture; the original dip was 65°, The amount of décollement movement in ranges 
M and N is not known but may be only a few tens of feet or hundreds of feet. 
Beddir plane ¢ ding is to be expect ted at contacts of rock units of different 


competence even in al of mild deformation: the zones of gliding in ranges 
that the thrust faults in ranges L and O are parts ol 
ial dimensions. 
C is modeled after relationships in the 
Colorado Plateau transition zone in southwestern Utah. The west 
uctures is tl on Springs Gap thrust seen on the east side 
8). The eastern structure is the Kanarra 
The unconformable cover, shown in the 
anics, actually is made up of the Eocene 
ordantly by the volcanics (compare with fig. 3). 
thrust and the Kanarra fold are about 15 miles 
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d west of them. The Iron Springs Gap thrust is 
structure, similar in all essential respects to the Pine Moun 
» Cumberland Plateau (Rich, 1934; King. 1951, p. 128-130) 
f tl inooga shale as a widespread zone of décollement 
Great Basin is a zone of shaly and gypsiferous 
he Carmel limestone, just above the top of the 
ra fold cannot be considered a “break through” 


because the fold involves the Navajo and sub 


b. It exhibits the strongly compressional 
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ramide monoclines of the Colorado Plateau, The 
9 C are not easily seen in the field or on a geol 
iramide structures are obscured, not only by 
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mation (Threet. paper in preparation ) 
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Fig. 10. Structure of the Hurricane fault zone. 


shown diagramatically in the Kanarra fold in Section A do not cor- 
ctual stratigraphic succession, which ranges in age from Permian to 
onformable cover consists of the Claron formation overlain by volcanic 


3. the Claron and the volcanics have been entirely removed by 


of the Tertiary Hurricane fault, The compressional struc- 
zone long predate the movement that formed the scarp. 


Cretaceous age composing the fault zone are in many places vertical or over- 
turned, and are involved in eastward thrusts. The scarp is clearly due to late 
Tertiary and Quaternary faulting. These relationships might well be taken to 
mean that the compressional structures in the fault zone were formed by the 
crustal movement that made the scarp; that is, that the Hurricane fault is a 
complexly shattered thrust of late Cenozoic age. That the compressional struc- 
tures predate the beginning of movement on the Hurricane fault, and that the 
history is that shown in the diagrams, must be pieced together: (1) from the 
work of Cook to the south, where a part of the west limb of the Kanarra fold is 
capped by Claron and volcanic rocks on the down-thrown side of the Hurricane 
fault (Cook, 1957, fig. 40): (2) from the work of Threet to the north (1952. 
pl. 3), where the east limb of the fold is similarly capped on the upthrown 
side of the fault; and (3) by analogy with the Iron Springs Gap structure, 
which is preserved in its entirety, with its unconformable cover of Claron and 
volcanics, in the Iron Springs district (Mackin, 1954). 

Similar cases of alignment of basin-range faults, which control the present 
topography, with older compressional structures have been described along the 
eastern border of the Great Basin in central Utah by Eardley (1933, 1951, p. 
525-330) and Spieke1 (1949), 

Distortion of an orogenic structure by a Tertiary intrusion.—Ficure 8 
shows clearly the theory that the lron Springs Gap structure, a low-angle 
thrust of Laramide age, was turned on end by emplacement of the Iron Moun- 
tain intrusion. The evidence on which this view is based will be presented 
elsewhere—-the structural relationships would be equally effective for present 
purposes if they were entirely hypothetical. It is evident (1) that analysis of 
the Laramide structure must start with subtraction from it of the deformational 


effects of the intrusion, and (2) that this operation is dependent on the pres- 


ence of the Claron in the role of a reference plane known to have been flat afte1 


the orogeny and prior to the intrusion. 
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changing in type. abruptly or gradually, and everywhere at the same time or at 
different times in different places? Equally critical to any analysis of the post- 
orogenic deformation is a knowledge of the geometry of the fault blocks. in- 
cluding their sizes, the dip of ‘the faults relative to the direction of tilting, and 
especially whether the tilt directions are haphazard or are systematically 
oriented in different parts ol the provine e. 

The principal point made in this paper is that ignimbrites, formed by 
nuees ardentes of incredible magnitude which swept with hurricane velocity 
icross much of the Great Basin again and again during the post-orogeni 
period, provide a basis for cross-dating the block faulting and other geologi: 
events with the precision required if the questions as to relative timing out- 
lined above are to be answered, Because they were originally flat-surfaced, the 

les permit exact and detailed measurement of the post-orogenic crustal 

its. And they are unique stratigraphic units in still another sense 
them contain enough radioactive material to permit determination of 
ve Ww thin certain limits of error, whic h will surely be reduced as 

perier ted 

argued that, because there has been strongly compressive de- 
the Tertiary in California. there should have been folding 
it the same time in the Great Basin. This sort of deductive rea- 
whether based on observed relationships in an adjoining province o1 
neral concepts as to stress conditions in or under the crust, is all right in 
But it has been demonstrated in district after district, by physiographic 
ind by mapping of the Tertiary volcanics, that the Gilbert theory of 
lock fault origin of the Basin ranges is valid, and that the range front 
s a rule normal, This does not by any means eliminate the possibili- 
were episodes of strongly compressive regional tectonism in the 
the Tertiary. It may be even true that all of the post-orogent 
deformation has been compressive in some places. Perhaps some of the ranges 
are doubly-plunging Pliocene anticlines. The point made here is that, in a 
province where the characteristic type of Tertiary deformation has been a 


jostling blocks bounded by normal faults, evidences of strongly compressive 


regional tectonism are of special interest and importance to our eventual un- 
derstanding of causes and mechanisms of the post-orogenic movements, and 
should be fully reported, An obvious requirement of such reports is a state- 
of the evidence indicating that the compressional structures are  post- 
ind that they were not formed by emplacement of hypabyssal 
nor by gravity sliding from relief features raised by intrusion o1 

faulting. 

The Pert ivy ignimbrites have heen considered here primarily as rock 
lavers of reat areal extent which permil the working out of the post-orogenl 
deformational history in a degree of accuracy and detail that would not other- 
wise be possible: the “structural significance of the voleanic rocks” in this 


irticle is entirely descriptive. An article to follow shortly will develop the hy- 


pothesis that the eruptive activity and the deformation are related also in a 


renetic sense, that is, that episodes of block faulting which have occurred from 


me to time and trom place to place during the Tertiary represent failures of 
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Ca(NO,).°4H,O and ethylorthosilicate. These gels will be referred to as Gels 
1 and II respectively. 
3. Synthetic xonotlite prepared by reacting a mixture of Ca(OH), and 
H.SiO, at 350°C and 5,000 psi water pressure for three weeks. 

1. Quite pure natural xonotlite.? 
5. A mixture of Ca(OH). and H.SiO, ground under alcohol. 

Vethods and equipment.—Treatment of the samples was carried out using 
established hydrothermal techniques (Roy and Osborn, 1952; Roy and Tuttle. 
1956). In addition to the stainless steel and stellite test-tube type bombs used 
for hydrothermal runs, a one-liter autoclave was used in the production of a 
fifty gram batch of xonotlite. Glass melts were made in a gas furnace and for 
higher temperatures on a platinum. strip furnace. Infra-red spectra were ob- 
tained on a Perkin-Elmer Model 21 double-beam spectrometer, with an NaCl 
prism 

Identification of the phases.—Phases were identified by powder x-ray 
diffraction. using a Norelco wide-range diffractometer. and by the polarizing 
microscope. X-ray diffraction was used for routine identification because of 


the very small particle size. 


RESULTS 
The upper stability of xonotlite 

ty range of xonotlite was studied hydrothermally, More thar 
230 runs were made ranging in duration to 312 hours and utilizing pressures 
up to about 2.000 atmospheres (see table 1). Most data were obtained from 
samples treated at 5,000 and 20.000 psi. A p-T curve for the reaction xonotlite 
= B-CaSiO H.O is shown in figure 1.° The data show that at 20,000 psi 
xonotlite is stable to 418* 10°C, and at 5,000 psi the limit is 400+ 10°C. The 
parameters were also checked at 10,000 and 28,000 psi. Below 5,000 psi re- 
action was too slow to obtain reliable data from reactions made over such 
relatively short times. 

Starting materials found to be best for this study were: glass. xonotlite 
and the gel mixtures, Starting materials other than xonotlite metastably convert 
partly to B-CaSiO, between about 350°C and the upper limit of the xonotlite 
stability. B-CaSiO.. once formed is very difficult to re-hydrate to xonotlite. 
Data on the stabilities of the lower temperature hydrates of calcium metasilicate 

General..-Hydrothermal reactions at low temperatures are notably slow 
in this system, and this slow rate of reaction makes difficult the interpretation 
of phase equilibrium data. Since this work was first done (Buckner and Roy. 
1955) some more recent studies on tobermorite have pointed out further 
avenues for work, At least three, perhaps four, states of hydration of tober- 


morite are known to exist (see Heller and Taylor, 1956 and Tavlor and 


Howison, 1957 for a review), having basal spacings of approximately 14 A, 


" The authors are inde bted to Professor Murdoc h of | CIL.A. and Dr, George Switzer ol 
the Smiths¢ n Institute for providing samples of xonotlite 


Since powde x-ray data do not easily distinguish wollastonite trom para wollastonite, 
B-CaSiOs is used, following the practice of Dent and Taylor (1956), to represent the low 


temperature in contras he high-temperature modification pss 
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H.O determined from 
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The 11 A hydrate is considered to be the most 


table and best crystallized nd the structural determinations by McConnell 


1954) and Megaw and Kelsey (1956) were on the natura! mineral having the 


position 5CaO-6SiO.:-5H.O. Kalousek and Roy (1957) and Kalousek and 


1958) found that the best crystallized material (11 A) was formed 
ompositions higher in silica than 1:1 CaO:SiO., (4CaO-5Si0,-5H.O 


the best) and was formed readily from Ca(OH) quartz mixtures; 
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\ hydrate was more poorly crystallized, and was formed from 
icid mixtures of the 1:1 CaO:SiO., ratio. 
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morite to xonotlite, with the result that an intermediate phase “B” was formed 
throughout a temperature interval of about 50°C, This phase resembles the 
“extra lines B” of Taylor and Heller (1951), first reported by Flint, McMurdie 
and Wells (1938) as a 
CSH(A) by Bogue (1955 
scawtite. Those runs which show this intermediate phase are given in part 2 of 
table 2. 


calcium monosilicate hydrate, more recently called 


), but which also bears a very strong resemblance to 


More recent runs were made with various types of gels and mixtures, as 
well as with two samples of synthetic tobermorite.* Most gels readily pick up 
CO, on exposure to air, so the best data are considered to be those from de- 
composition of well-crystallized tobermorite. However, it is desirable to have a 
check on the maximum temperature of formation, as well as of decomposition 

hence some results from one of the mixtures are reported as well, Another 
mixture, using Ca(OH). + amorphous silica (“Cabosil”) always formed gyro- 
lite or truscottite® first, and only very slowly yielded tobermorite. 


Che results of the runs are summarized in table 2, part 2. Tobermorite as 
extracted from the hydrothermal apparatus and examined under ambient con- 
ditions was always present as the 11 A hydrate, Preformed tobermorite 

onverted directly to xonotlite, not via a 9 A intermediate phase, From the 
data obtained the temperature for the reaction, tobermorite xonotlite 
H.O (or tobermorite xonotlite + truscottite + H,O) is placed at about 
285°C in the pressure range studied, Little difference was observed between 
the results at pressures ranging from about 12,000 to 25,000 psi, as is shown 
in figure | 

Some explanation of the interpretation of these data is necessary. It is 
onsidered that the runs made in sealed tubes provide the most valuable in- 
formation, since they prevent the entrance of CO, during the course of the 
run. However, reaction is slow at best, and extremely slow under the confine- 
ment of the tubes. Even after long runs, or runs considerably above the de- 
omposition temperature (e.g. at 340°C) only partial conversion to xonotlite 
vas usually obtained. Therefore, the presence of a small amount of xonotlite 
was considered indicative of the xonotlite stability field. Furthermore, the 
maximum temperature of formation and persistence of tobermorite from the 
mixture CS-44 (though contaminated by admixture of unreacted quartz, and 
CaCO.) was almost the same, Little difference in decomposition temperature 
was observed between the 4:5:5 and 5:5:5 tobermorites; however, there is 
some evidence that the latter may decompose at a slightly lower temperature 


ind react somewhat more qui kly to form xonotlite, or if CO. is present, scaw- 


e 


The presence of truscottite as a second phase from decomposition of 4:5:5 
was observed, which is reasonable from the standpoint of composition; how- 
ever, data are insufficient as yet to establish a stability region for truscottite. 
At lower temperatures gyrolite was often observed as an early product from the 
reaction of gels. 
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TaBLe 2 (part 2) 
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tobermorite spacing reprodu ibly in connection with the 


\wtite” pattern would appear to eliminate this possibility, Truscottite has 
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9.4 A reflection, but other spacings clearly distinguish it from a possible 
\ tobermorite 


Phe recent paper of Murdoch and McConnell (1958) may | 


ve relevant in 


1 mechanism for the growth of “scawtite” from almost-pure CaSiO 


H.O mixtures. To explain variations in CO. and SiO. content of different 


iwlite specimens they postulated an isomorphous substitution of (4CO 


) 
nad 


which would vary inversely. In the event of extensive substitu- 
tion of SiQ) tor CLO 


oach that for CSH(A) 


perature intery il | 


in the scawtite structure, the composition may ap 
. which might then exist stably over a very small tem- 
etween the decomposition of tobermorite and the formation 
More complete structural and compositional data will be necessary 


to determine positive limits of substitution of SiO,‘ for CO 
tructure, but the 


] 
ot vonottite 


in the scawtite 

bulk of evidence points to an essential identity of scawtite, 

CSH(A) and the phase “B’. Certainly under most conditions of formation in 

itural deposits and industrial cement processes sullicient CO. would be 
to form scawtite. 


flec tol Sr on the hydrated phas« 
Not 


much information has been obtained on the effect of strontium solid 

solution on the hydrated phases. This is partly due to the interference of a new 

| (Ca.Sr) SiO.) and partly due to the lack of a good 
ting material 


masse, he rein ¢ illed 
rt The only starting material used in the study of the effect of 
solid solution was elass. 
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data obtained from hydrothermal treatment of the various S1 


slasses indicate that the presence of the Sr ion stabilizes xonotlite 


the pure calcium xonotlite (see table 1). It may 


abilized to about 500°C at 74 wt. percent SrSiO,. At higher con- 


SrSiO., the new phase pears (see fig. 3 and tables 1 and 4). 


her temperature thal 


it either scawtite (including CSH(A) and the “B 
formed from these Sr-containing compositions, al 
d in figure >. This absence of tobermorite-like 

of the starting material (glass) which re 


r below its lower stability limit even from 


data on xonotlite 

obtained from natural xonotlite. which shows 
iarp endothermic reaction at about 840°C 

at 864°C and x-raved showed that the 
}-CaSiO.. The same endothermic ef 

tic xonotlite, however, the effect was much 
rature was somewhat higher. It is noteworthy 

“meta-xonotlite” stage is encountered. The 


ndicates that there is no marked predisposi 


Dehydratior uit i ral xonotlite was dried at 110 ( for seve ral 
“i at O for four hours then at 880°C for one hour. Weights 


rded after nd each heating ste p. The results are tabulated 


labulated a il he data for the weight loss of synthetic xonotlite. 


hours at heated over night at 


rain at 650°C overnight and, finally, at 880°¢ 


Ta 


f Natural and Synthetic Xonotlite 


rmula (CaSiOs-nH,O) 


The several he ng steps helow the dec omposition of xonotlite revealed a 


f water with time. Therefore, the data on weight loss between 


ntinuous loss o 


| Tavlo (1956) in ingle ervstal x-1 iv Studies 


it itmospheri pressure 
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100°C and 880°C probably represent a loss of the adsorbed water as well as 


some “structural” water. X-ray patterns of the samples heated at 650°C show 
no difference from those of the original samples, X-ray patterns of the samples 
after being heated at 880°C show only the B-CaSiO, phase, Therefore, the 
data on weight loss between 650°C and 880°C are considered to be the most 
significant. Inasmuch as the xonotlite samples show a continuous water loss 
with time at 650°C and because no “anhydro meta-xonotlite” phase seems to 
form, the CaSiO,:H,O ratios when using only the loss between 650°C and 
850°C are too high and the true ratio is necessarily less than 6:1, very prob- 
ably 5:1. 

There has been some controversy over the formula for xonotlite although 
there is general agreement that it is probably 5CaSiO,-H.O. The present data 
appear to confirm this value but also demonstrate the difficulties of defining 
water-loss for hydroxylated minerals. The suggestion that the water in 
xonotlite is zeolitic appears to have been disproved by these data since evei 
heat treatment at 700°C for several hours failed to remove very much of it. 
The slight loss at these temperatures is to be exper ted considering that it is 
several hundred degrees above the equilibrium decomposition temperature fo1 
thes pressures, 

Infra-red studies.—Infra-red absorption spectra were made from the two 
xonotlite samples in order to obtain information on the type of bonding pre- 
sent in the OH~ groups. Samples were discs made by pressing 0.0037 sample 
dispersed in 0.2500 KBr in a mold under 160,000 psi pressure. Figure 2 is a 
representation of the absorption pattern thus obtained from the natural xonot- 
lite. The pattern of the synthetic xonotlite was the same except for markedly 


reduced transmission, The O-H peak at 2.72 microns is very sharp, suggesting 


100 


TRANSMISSION 
a 


8 10 12 
WAVELENGTH MICRONS 


Infra-red absorption spectrum of natural xonotlite using KBr discs 
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ymmetrical OH ion. rather than strone hvdrogen bonding usually characte 


by longer wave leneths 


Calculation of Heat of Reaction A calculation of the heat of reaction 

}-CaSiO H.O reaction was performed using the 

relationship ind a very ipproximate value for dp dt taken from the 

p-T curve. using 400°C at 5,000 psi and 420°C at 20,000 psi: 
900 cal mol 


iCa.Sr} Si0 


vas encountered over a wide range of temperatures 
principally from compositions of C258 and C508. This 
ntered during the study of the system CaSiO.—SrSiO 


wollaston 


e-pseudowollastonite inversion with increas- 
results of this study are reported elsewhere (Buckner 
need only be mentioned that the same phase intet 


f the lower stability temperature limit of pseudo 


best prepared in its pure form by crystallizing a 
percent SrsiQ, (by weight) at 490°C and 5,000 
52 hours. It is an anhydrous phase 

known strontium or calcium silicate 

not match any x-ray data given in the 

well from elasses in the drv way. having 


X-ray data and optical properties are 


ted as well in samples of C2-!oS, CSS, 


The ph ise was produced from C255 as 


th as 855°C (dry). In many cases 


205 phase ts probably metastable above 


samples treated hydrothermally above this 


1 pseudo-wollastonite are present In C50S 


ibout 470°C, continuing to form at 
pseudo wollastonite ind xonotlite 


phase has a region of stability in this system, 


» establish this conclusively 


he possibility that phase might cor 
i 


onsidered, Optical data determined with 
ested that it was uniaxial positive, in con 
character of para-wollastonite (Peacock. 1935) 
recently obtained for para-wollastonite (Heller 
very slight differences from the pattern for 


early different from p-(Ca.Sr) SiO 


system CaSiO 
effect of the addition of SrSiO. to equilibria in the 
ow temperatures are not as conclusive as desired 


irious stages may be represented by the compati 
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TABLE 4 


Data on p-phase 


Pressure lime Initial 
(psi) (hrs) Condition 


20,000 
20.000 


20,000 
500 


Dry 


500 


2500 
5000 


20,000 


20.000 


ty triangles of figure 3. These represent the crystalline phases believed to 


exist i equilibrium at a constant pressure of 10.000 psi H.O at the given 


temperature 
lhe first triangle represents the temperature region where tobermorite is 
ble. and it is expected that a small amount of S1 may substitute for Ca 
n the structure. hence the representation of the solid solution area, No hydrate 
of SrSiQ, is known to exist even at these relatively low temperatures, and 


SrSiO, apparently exists in equilibrium with H.O, Triangle 2 represent the 


region where tobermorite is no longer stable. but xonotlite, and Sr-bearing 
xonotlite are formed. Trianele 3 is above the stability limit of pure xonotlite. 
where B-CaSiO., is stable and represents the fact that Sr-bearing xonotlite solid 


solutions are stable to higher temperatures than 5CaO-5SiO.-H.O. Triangle 4 


represents equilibria above the stability limit of all hydrates, and suggests that 
| | 
(Ca.Sr)SiO, is stable at intermediate Ca, Sr ratios, while 


the new phase, 
-CaSiO, and a-SrSiO, solid solutions are stable at the extremeties, The last 


triangle represents equilibria at higher temperatures where the j-phase is no 


143 
N 
Ni (°C) Result 
osition C2-1/2S 
bio | Class B 
va 175 Glass B 
(Composition 1-1/28 
‘ bio (,lass B 
644 00) 15 
686 695 182 B+ 
HY dt | | (,lass x 
10 fo a 
f ) 115 
63 f p+v.l. 
109 ) 24 
180 boo 
29 a- rT 
6] LOX) 11 
( C508 
O16 AM) 00 15 Class a 
634 675 tl a little , 
eee 


WV. Roy and R. Roy——Studies in the 


, or) 310s; a pseudo-wollastonite ; composi- 


(C) and Sr SiOs (S). 


(Car)Si0 
Composition €25S) 
Height 


10 
9 


sO 


s that of agg 


Des nterte 


nd a-SrSiO, solid solutions are the only phases 
At still higher temperatures (above 1120°C) 


utions are stable. 


AND CONCLUSIONS 
As in many hydrothermal studies, the equilibrium decomposition tem- 
ture of a particular hydrate has been found to be considerably lower than 


vsuld be suggested by the nearest approach to equilibrium on dehydration at 


tn ospheri pressure \ maximum te mperature of about 125 b is suggested 


the present data for xonotlite associations in contact metamorphic bodies 
formed at moderate pressures Solid solution may have some effect on the 
stability of xonotlite, as demonstrated by the increase in decomposition tem- 
erature of Sr-bearing xonotlite. However, xonotlite is usually quite pure, and 


ilthough one variety | wen reported which contains up to 1:7 Mg:Ca 
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STABLE ~ 400°C 


——— 
5. STABLE ~ 750°C " 
Fig. 3. Compatibility triangles showing probable equilibria in the system CaSiOs 


1 pressure of 10,000 psi at certain representative temperatures. Tob. 


at 
a(Sr, Ca) SiOs solid solutions; Bs. B(Ca, Sr) SiOs 


tobermorite solid solutions: ass 


solid solutions 


(jurupaite) (Taylor, 1954), the Mg**+ ion is smaller and may not have as 
ereat an effect on the stability as the Sr?*+ ion. 

lobermorite, though found in several states of hydration, is probably 
stable only in the 11.3 A modification throughout the p-T range of the present 


study. This agrees rather well with observations on the natural mineral such 
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ViceConnel 1954) wl suggest that the 14 A hydrate is gel-like 

easily dehydrated. The maximum stability temperature of about 

obermorite having CaO:SiO. ratios of 4:5 to 5:5 would certainly 
of a tobermorite phase in the CaQ—SiO 

ises are formed from cement materials ol 

lower temperatures, However hillebrandite 

stably from these same compositions at 

ve temperature for autoclaving cement block 

vould therefore also have to be kept below 

ositions near the 1:1 CaO:SiO, ratio when 

yper stability limit of tobermorite tend to 

te. or “CSH(A). 

of tobermorite to xonotlite hydrother 

was thought that an intermediate phase 

bermorite formed on atmospheri pressure 

that the phase encountered is most prob 

contamination with CO The rearrange 


Sif) atio of 4:5 tor 5:6) to produce 


f SiO. or other local readjustment of 


dificult to bring about at the relatively 
lecomposition Indeed it is true that 5:5 
idily to vield xonotlite. but little is know: 

At atmospheri« pressure ll A tober 

ture) directly to wollastonite (Taylor 

e with a rather simple rearrangement, and 
temperature. The structures of tobermorit 
tlite (Mamedov and Belov, 1955) would 


mship, although Taylor (1959b) has shown 


mo 


on hydrothermal treatment will vield or 


(CaSr)SiO. in the system CaSi0 
ew structural modification at low tem 
ipparently not great enough to provide 
iblished structures, SrSiO,, clearly prefers 
vhereas the wollastonite structure can only 
of SrSiO.,. Therefore. instead of the usual 
hen extensive solid solution is no longet 
s formed which can apparently accommo 
ts. However. further data would have to be 
f 


r the new phase. 


SiG) may correspond to an un named min 


is suggested by Tilley (personal com 
irrow border zones separating a quartz 
te crystals, had optical properties very 

1.620. n 1.628 elong. ap 


20). 


re-temperature conditions for formation of the 
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mineral may be similar to those suggested for the p-phase, i.e., moderate, 


definitely not a low-temperature hydrothermal association. 
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A STAINED SLICE METHOD FOR 
RAPID DETERMINATION OF 
PHENOCRYST COMPOSITION OF VOLCANIC ROCKS 
PAUL L. WILLIAMS 


Survey. Denver. Colorado 
ignimbrite n th yreat 
vendently verified by quantita 


be readily 


mineral groups can 

, of etched and stained rock slices 

weeuracy to contirm field corre 


four tuffs comprising Quichay 


TRODUCTION 


f Great Basin ignimbrites outlined in the pre 


yrrelation is based primarily on distin 


and similarity in sequence of 

investigation. however. that there 
of identifying the units, particularly it 
by alteration effects. and where strati 


nake it impossible to de pend on similarity 


ld and petrographic study of thin sections 
phenocryst assemblage would serve as a 
nstances. But “hand lens mineralogy” is 
of the ignimbrites, and does not 
for an objective statement of the basis 
ntification of the ignimbrite depends on the 
Phin section study yields petrographi 
hut has the disadvantage that bot! 
rather slow. Moreover. especially ir 
tandard size thin sections are required 

f the phenocryst composition. 
| here was developed in response to 


phenocryst composition of the ignimbrites 


} 


n correlation. and (b) rapidly enough 
ot specimens available promptly ind without 
e of rapidity is suggested by the fact that a 
voleanics by members of the University of 
hundred specimens requiring analysis of the 
in 2500 specimens have been studied to date 
roups of 20 or more. and no sper ial problems 

the whole procedure described here. from 
the histograms used to express the phenoerys! 


20 minutes per specimen, most of which i 


rost ope 


14 
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This note is an outgrowth of work as field assistant to J. H. Mackin and 
E. F. Cook in the Great Basin during the 1955 field season, and laboratory 
study of specimen collections as a temporary employee of Gulf Refining Cor- 
poration. | am indebted to H. R. Blank and W. R. McCarthy for data on the 
volcanic sequence in the Bull Valley and Gunlock-Motoqua areas, and to Blank. 
Mackin and D. L. Schmidt for critical reading of the manuscript. 


LABORATORY PROCEDURI 
(1) A flat slice five to ten millimeters thick is sawed from the hand 
specimen, Four or five centimeters square is a convenient size. 


2) The slice is polished ona lap with no, 230 Carborundum. Polishing 


removes the saw marks and provides an even surface for staining. In the saw- 
mg and polishing of lightly welded and non-welded ro¢ ks. quartz and othe 
phenocrysts tend to be plucked from the matrix. Plucking is prevented by im- 


pregnating the slice before polishing in a 10:1 xylene-canada balsam solution 
and heating until the balsam is thoroughly cooked. 

(3) After the slice has dried thoroughly at room temperature, the polished 
surface is immersed for one second in 48 percent hydrofluoric acid, and blotted 
immediately on absorbent paper. The slice is placed face up and allowed to 
dry thoroughly 

(4) After drying, the slice is immersed in sodium cobaltinitrite solution 
for thirty seconds. It is then washed immediately in cold water to remove the 
excess stain, and allowed to dry face up. The staining technique is adapted 
from a method first described by Gabriel and Cox (1929). The stain solution 
is prepared by mixing, by weight, three parts of sodium cobaltinitrite powdei 
with five parts of distilled water, Because the solution decomposes with age, it 
must be renewed every few weeks. 

lhe stained slices are ready for study as soon as thoroughly dry. A binocu- 
lar microscope is recommended; a magnification of nine to twelve diameters is 
suflicient for most rocks. 

The five or six minerals or mineral groups that occur most frequently in 
the Great Basin ignimbrites can be qui kly identified in the etched and stained 
slices by an experienced analyst. Crystal form is helpful but it is less distine- 

it would be in ordinary igneous rocks because many of the pheno- 
crysts in ignimbrites are broken fragments. 

Quartz phenocrysts appear as glassy, unstained and virtually unetched 
rrains ranging trom colorless to very dark, smoky varieties. 

before the acid treatment the feldspars are seen as clear grains that can 

distinguished from quartz only under favorable circumstances by shape and 
leavage. A coating produced by the acid remains white on plagios lase while 
t on sanidine is stained yellow by the sodium cobaltinitrite solution. 

Because of the potassium in biotite, the usual black or dark green color 

f the mineral is modified by the stain to a yellowish green. The color change 
less apparent on cleavage faces than on sections of the mineral cut across 
leavage 

The pyroxenes and amphiboles are identified chiefly on the basis of grain 


shape, cleavage, and color, Etch and stain effects are useful in distinguishing 


Stained Slice Method for Rapid 


eria differ depending on the varieties present 
ind need not be spelled out here: each ana- 


f identifying the mineral types that char 


nerals and to a lesser extent with the qual 
outset to cross check the binocular identifica 
nerals in oils or in thin sections 


wryst type are estimated with the aid of a 


10 by 10 millimeter grid containing 100 


tly on the stained surface. and the analyst 

shaped grains to fill the grid squares, The use 
is first described by Williams (1905) 

irea occupied by a given mineral 

i rock is directly proportional 

Chaves. 1954. and works cited there 

s not critical for present purposes hye 

purport to represent quantities in an 


for comparative purposes, to be com 


nerals estimated in the same way in 


| 


ited in this connection that the identity o 
meter may be obscured by spread of th 
d. For this reason and because of the 
ntages ol phe nocrysts relative to round 


dual minerals are necessarily co nparable 


hin sections with a petrog! micro 


mducibility of the percent estimates, herein 
ive been re-examined by the writer 
= currently working with the Great 

it the probable error is of the order of 
neral constituents in the average rock, The 
very small grains because of the 

ive to the area of the grid squares, In 
ysts five different fields are examined. 


percentages are based on at least 125 erid 
rysts. In dealing with tuffs with smaller per 
ber of fields are examined, up to the limit 
some rocks with very small amounts « 


squares is as small as 25. and the prol 


more accurate than area estimates con 

ivs to reduce the limits of error of the 

ts the purpose of the method, which is to make 
ta accurate enough to serve as a check on field 
ble error in estimates based on a single stained 


same order of magnitude as the actual mineralogi: 


( ‘ 
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‘n specimens taken from different parts of the same outcrop of 


CORRELATION OF THE QUICHAPA FORMATION 
Figure | consists of a number of columnar sections in which the pheno- 
eryst composition of the tuffs comprising the Quichapa formation is expressed 
by histograms. The histogram columns are arranged to show the correlation of 

Quichapa members in an east-west belt across southwestern Utah and 

southeastern Nevada. 

As indicated 3 » legend, the white bar on the right side of each histo- 
dicated the total amount of phenocrysts in the rock, The remaining 
resent the percentage of each of the major mineral groups with respect 

the total volume of phenocrysts. For the sake of compactness all of the mafi 

minerals are plotted in the same bar: pyroxenes are shown by a diagonal line 

pattern, biotite in solid black, and amphiboles by vertical lines. If all three 

mafic groups are present in amounts that can be plotted, the arrangement is. 

ttom, pyroxene, biotite, amphibole. regardless of their relative 

amounts of a mineral are indicated by a short vertical line 

the appropriate bar; in the mafic bar trace amounts of am- 

ited by a solid line. biotite by two dashes and pyroxene by 

shes. In our work sheets the histograms are accompanied by symbols. 

numbers expressing “degree of welding”, proportion of lithic frag- 

or pumice, distinctive heavy minerals. index of refraction of the 

of the unit, and other properties bearing on correlation, but 

» omitted in figure 1 because they involve problems of quantification 
(Questions which need no discussion he re. 


four members comprising the. Quichapa formation are defined and 


the preceding paper by Mackin (1960). The Harmony Hills tuff 

l-rich ignimbrite wholly different in lithology from the other Qui- 

The Bauers tuff and Swett tuff are vitric ignimbrites, nearly 

lithology. distinguishable on the basis of the presence or absence 

the contrast is strikingly shown by the histograms, The Leach 

characterized by conspicuous lithic fragments, It seems to con- 

net phenocryst suites, one with about equal amounts of quartz and 
other with a notable excess of quartz over sanidine. 

tuff is present in the Swett Hills: a histogram for the unit at 

ihsent on figure 1 because the number of specimens available 

vas inadequate, The absence of the Swett tuff in the Gunlock. Bull 

Pine Valley areas, and of the three upper Quichapa members at 

ch and Brian Head, is probably due to non-deposition rather than to 


ated by Mackin, correlation of the Quichapa ignimbrites from 


to the narrows of the White River was based originally on the 


lithology of the individual units and especially on the similarity in sequence 


lits in section after section. The phenoc ryst composition, determined 
tined slices and expressed by histograms as in figure 1, serves as a 


criterion for confirming the correlations. 
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COMMUNICATION 
SOME MINERALOGICAL EQUILIBRIA 
IN THE SYSTEM K.O—AILO.,—Si0O.—H,O 
In a recent article by J. J. Hemley (this JourRNAL, v. 257, p. 241-270, 
1959) on page 266 the exponents were omitted from the equilibrium expres- 
aK* 


a®*K-feldspar aH 


iction as given in the text. K 


lhe constant corresponding to this overall expression is fixed, although the 
» H* value changes with change in composition of the solid phases 
On page 259 the dissociation expression for HCl should be 


Qy+ acy 


au 


0.1] 


activity ratio of KCI/HC1 is then 107-59 


aK 


JULIAN HEMLEY 
REVIEWS 


Introduction to Historical Geology; by RaymMonp C. Moore, P. ix 
656, numerous illustrations. New York, 1958 (McGraw-Hill, $7.95) —This 
second edition of a widely used text is much expanded and extensively revised. 
| format, increased page size, and profuse (over 600) illustrations 


h Moore’s masterful presentation make it a very attractive book. 
The end papers 


The changes 


ombined wit 


showing the stratigraphic distribution of the major groups of 
rganisms in front, and a colored geologic map of Europe in back 


add much 
» the attractiveness, 


Notable in this day and age is the price—$7.95., The 
publishers are to be commended for presenting such a profusely illustrated 


wok at this low price. 


Che general plan of the book is the same as in the first edition, with one 


hapter added (total 21 chapters) to compensate for a changed classification 
f the Cenozoi The } 


) 


book considers, in sequence: 


materials and methods; 
the Precambrian 


here termed the Cryptozoic Eon; the suc- 
es-lve periods ol the Paleozoic. Mesozoic 


evolution of life: 


, and Cenozoic Eras, with 


chapters on the nature and evolution of life at the end of each era; and finally, 


the geologic record of man. A feature of special merit is the addition of a list 


of selected “Readings” 


| hese. 


ind a series of “Questions” at the end of each chapter. 
together with the lucid presentation of factual data and the demonstra- 
on of methods of arriving at principles of interpretation, make this a very 
useful book. The single appendix of the original edition is greatly changed and 
iltered to a section on “Characters of Organisms Represented among Fossils” 
and two additional appendices, “Lithologic Symbols for Geologic Sections” and 
i “Glossary” are added. These changes greatly enhance the value of the book. 

Like other contemporary American texts in this field, the book is centered 
m North America and only occasionally does it touch on the geological events 
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age of jet planes and mass travel to the far cor- 

earth this provincialism of American authors is regrettable. 
of the illustrations are new and all are outstanding. The geologi: 
»wing the outcrop and probable subsurface distribution in the United 
stem are a distinct improvement over the prior 
be hoped that in the future an indication of 
mum extent of marine sediments may be added to them. 
mprovement is the addition of a plate of selected eraphic 
for each system. As is nearly unavoidable, a few errors hav: 
Particularly notable to a West Coast geologist is the 
Jurassic and the Cretaceous. of the bothersome but 
Francisean-Knoxville complex from the section for 
e lower part of the Upper Cretaceous is indicated 
the late Upper Cretaceous is very well developed 


like many other “outsiders” the author, in his 


nd Neogene. seemingly vot lost in the intricacies of 


ind microfaunal Cenozoic chronologies of 


iificant portion of the California mid-Ceno- 


his reviewer at least. one to be lamented, is 

ind Quaternary periods on the grounds of in 

zation instead, of Paleogene and Neogene, com 

tl two periods of the ¢ enozoic, Moore, in contrast 
ds the Neogene, a term originally proposed by Hoernes 
ne and Pliocene. to include the Recent. He seemingly 
ho use these terms employ the Tertiary (limitin 

ind Pliocene) and Quaternary as Eras and do not 
ymoting a standard nomenclature (which is the 
these terms) Moore’s usage adds to the con 

vated (1300 feet or more) late Pleistocene 
oast, Moore (p. 177) suggests that they 
sea itself” rather than crustal upwarping 
of sea level of 350 feet or more, These 

f sea level during the Pleistocene of over 


bable that the implications of this conclusion 


s the San Andreas fault of California anc 

of very large lateral movement (ove 

Admittedly the San Andreas is a 

lusions are far from being well documented o1 
orTo | i! ies h ive not been explored. 

the book need attention, The base of the Cambrian 

at the“... first major break in sedimentation 

brian fossils.”, yet in the glossary “system” is 

d during a period, which in turn is defined as a 


me. The boundaries of a span of time are not 


ead, A 
Pacific | 
| 
eo WM 
‘ ‘ ‘ 
) ‘ ‘ 
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variable as this usage would imply, but synchronous. The term “cyclothem” is 
defined in the glossary but not used in the text in connection with the mid- 
continent Pennsylvanian cyclic sediments for which the term was originally 
proposed, The “Glossopteris flora” is briefly described (p. 275) but its well 
known and widely used name is not applied to it. The term “syntopogenic 
equivalents” is introduced (p. 21) for rocks “formed in like places or man- 
ner.” Introduction of such a formidable phrase in an introductory text does not 
seem justifiable. 
Overall this is an outstanding text for introducing students to the histori- 
il geology of North America and for illustrating principles, It is to be highly 
recommended 


J. WYATT DURHAM 


Explanatory Text for Preliminary Geological Vap of Connecticut, 1956: 
by JouN Ropcers, Ropert M. Gates, and JoHn L. Rosenrecp, P. 64; 3 figs., 
one with folded map in por ket. Storrs. 1959 (Connecticut Geological and 
Natural History Survey, Bull. No. 84).—The geological map, published three 
vears earlier than the explanatory text, is on a plane base, scale about 4 miles 
per inch, with political boundaries, place names, and road net in dark lines; 
reologic boundaries, fault traces, and letter designations of bedrock units in 
red, One overprint pattern in red covers a few small areas. Margins of the map 
contain adequate explanatory legend, and on the back of the sheet are printed 
brief descriptions of the bedrock units, with a sketch map assigning credit to 
reologists whose work supplied material used for specified areas. Explanatory 
text in the bulletin states in detail the sources for the map; gives an overall 
inalysis of structural and stratigraphic relations in the bedrock, with recogni- 
tion of two provinces older than the distinctive Triassic units; and presents 
more detailed descriptions of formations than those printed on the map sheet. 
At the end of the text is an extensive list of references. with asterisks indicating 
the publications actually used in compiling the map. 

The first statewide study of geology in Connecticut was made by the 
scientist-poet James G. Percival, starting in 1835, a pioneer date for geologists 
marked by founding of the Geological Society of London, Percival’s geologi: 
map and accompanying text of 495 printed pages, published in 1842, are a 
truly remarkable accomplishment. All later students of the area have been im- 
pressed by the accuracy with which Percival mapped and described the com- 
plex bedrock, though his equipment was primitive by modern standards. 
Improvements have come slowly, as growth of the science has brought better 
understanding of rock types and of field relationships, The next major advance 
in Connecticut came with the detailed study by W. M. Davis of the Triassic 


rocks, published in 1898. Founding of the present State Geological Survey a 
few years later stimulated field studies, climaxed in 1907 by publication of 
Preliminary Geological Map of Connecticut, on which all bedrock units are 
represented in color, This title, repeated verbatim on the new map that em- 


bodies results won during another half century, emphasizes continuing recog- 
nition by field workers that the complex bedrock still is an inviting field for 


researt h. 


nd thorium ind al appendix. The reserve figures are 


1956 


Rei 
ued study has established relative ages of many metamorphosed 


bodies, though lac k of fossil evident e makes impossible a ( onfident 


some important units. By recent cooperative efforts some of 
the eastern Connecticut province have been traced with 
mly dated units in Massachusetts and New Hampshire. Radio 


omatites east of the Triassic belt are notably con- 


assigning these dates to any specific orogenic 


advances in knowledge of Connecticut 
irge-scale, highly accurate base maps covering 
logists into detailed studies, oiving promise ol 


tl 


1e not too distant future, with its title not 


CHESTER R, LONGWELI 


\Marcet P. xi, 462; 205 figs. and 


Paris. 1958 (Masson et Cie. Editors. 6.000 


1948, M. Roubault was appointed Director 


France in charge of investigations of 
well equipped to write on the subject ol 
Francis Perrin states in the preface to the 
» being a competent geologist, gained vast 
r the exploration and search for uranium 
is serving as overseer of the mining 


arts. The first part consists of 116 pages 
ition of radioactive minerals (with 12 
ting methods and equipment, and lists 

ition of uranium deposits, The second 

of 276 pages of descriptions of the “princi 
nonde.” Almost 30 percent of this section, a 
uranium deposits of France, The remainin 
efly described, although some are done con 
ither good to excellent maps, cross-sections, 
grouped for description under six geo 

(2) Eastern Europe including the 

ind Norway and Sweden, (3) North and South 
Autres Regions D’Afrique” and (6) Asia 
idequate but very few references are late 
readily available in most libraries, The third 


OK mnt the conclusions: i.e.. data on the reserves ! 


riven as of 
reserves does not include Wyomin 

e reserves for Canada. 180.000 metric 


MI. Roubault’s figure for U. S. 
s fT to th 


is 


tons o 

should be at least doubled or tripled jus 
estimated reserves of about 250.000 metric tons of 
R vubault’s heoure ol tons Is not even com 
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An alphabetical index of authors cited, uraniferous minerals, and a geo- 
graphical index are also included. 

In conclusion, M, Roubault has summarized a vast amount of information, 
enabling him to describe rather tersely almost all the known relatively im- 
portant and even unimportant uraniferous deposits of the world. 

MEAD LEROY JENSEN 


Karta éver Sveriges jordarter; scale 1:1,000,000; in 3 sheets. Stockholm. 
1958 (Sveriges Geologiska Undersékning, ser. Ba, no. 17, in 3 sheets, 15 kronor 
per sheet) 

Desc ription to accompany the map of the Quaternary deposits of Sweden: 
by G. Lunpevist. P. 116. Stockholm, 1959 (Sveriges Geologiska Undersékning. 
ser. Ba, no. 17, 5 kronor).—This fine piece of work is the first map of the 
surficial geology of Sweden to be published on a scale as large as 1:1 million. 
It is largely a compilation from a large number of local maps on various scales 
but also includes data here published for the first time. 

Phe principal units represented include till, glacial-lake clay, eskers and 
deltas, sandy sediments, fine sediments, bog sediments, and exposed bedrock. 
Phe intricacy of detail represented by the last category gives a good picture o 
the detailed character of much of the source information. 

The map 1S an incon parable reference source for the surficial deposits oO; 
Sweden. It is clearly printed, there are plenty of place names for reference, and 
the colors are well selected to stand out in contrast. 

lhe value of the map is enhanced by the accompanying paper (in Eng- 
lish), one part of which describes each class of sediment, and discusses some 
of them in considerable detail. This part makes a good condensed textbook on 
the surficial geology of a glaciated region, Another part is a systematic pre- 
sentation of natural regions of Sweden based on character of surficial material. 
Both parts are generously illustrated with photographs and sketch maps. The 
book and maps are a must for scientists interested in surficial geology and 
visiting Sweden in the Congress year 1960; no doubt they were published in 
time to be useful in just this way. 

The map fits nicely the 1:1,000,000 map of the glacial geology ol Norway 
by Olaf Holtedahl and Bjorn Andersen (Norges Geologiske Undersékelse, no. 
164, Oslo, 1953, pl. 16). The accompanying Norwegian text by Professor 
Holtedahl (idem, p. 585-1118) also is an informed and comprehensive discus- 
sion of the surficial geology of Norway, in far more detail than the Swedish 
volume. The Norwegian publication is another essential for scientist visitors to 
Norway in the Congress year. 


R, F. FLINT 


Subsurface Geology in Petroleum Exploration; a symposium edited by 
Joun D. Haun and L. W. LeRoy. P. 887, many text figures, Golden. Colorado. 
1958 (Johnson Publishing Company, $10.00)—The editors of this symposium 


modeled after the now familiar Subsurface Geological Methods, compiled by 


L. W. LeRoy—have set as its objective the familiarization of the “student, the 
practicing petroleum geologist, and the petroleum engineer with the tools and 
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techniques used in the search for new oil and gas pools.” In realizing this ob- 
jective they have been successful to an amazing degree. The scope of the book 
s broad, the coverage of the individual subjects essentially complete, and the 
technical competence of the contributors unquestioned. Several of the chapters 
iblished in Subsurface Geologic Methods have been transferred intact. others 
been revised to include recent developments. New chapters have been 
to cover Thermoluminescence Analysis, Permeability Surveying Meth- 
Continuous Velocity Logging, Magnetic Well Logging, Stereographi: 
’roblems, Gravity and Magnetic Effects of Subsurface Bodies, Turbine Drill- 
Jet Bits. and | xploration Planning. 
eaders will certainly differ as to the relative importance 
yace assigned each subject. For example, subjects as funda 
ind repeatedly referred to as Stratigraphic Correlation and Micro- 
tleontological Analysis receive equal or less detailed coverage than Differen- 


il Thermal nalysis and Thermoluminescence Analysis—both important 


ialized and less frequently referred to. The limited 
on micropaleontology and stratigraphic correlation 
ir over-all usefulness for they contain little o1 


oO! weaknesses of the various methods of COr 


avity and Magnetic Effects of Sub 
petroleum geologist or engineer is debatable 
mathematical consideration of gravitational 
hing concerning the geologic significance and 
data det d trom gravity-magnetometer surveys 
chapte1 w paper on Exploration Planning, is of particular 
gether in a single composite picture the widely 
ind basie thinking processes which have often 
ind exploring a potential oil province. 
hook discussed in this review do not serious 
t. It will certainly become a standard reference 
neers as well as a text for subsurface geology. 
R. W. POWERS 


Geomorphol« Part 1 Géomorphologie Structurale: Volume 


Geomor 


pholo; Cg s: Part 1. Les massifs anciens des plateformes: 
ANDRE CAILLEI EAN Tricart, P. 252. Paris, 1957 (Centre de Docu 
i Universitaire ) Everyone knows that European geography is in 
terpreted differently om North American. But we were unprepared for the 
emarkable contents found in the standard Sorbonne Geomorphology course, 
his review only treats with a single number of a series that runs to several 
volumes, Its most striking feature is the highly analytic ceotectonic approat h: 
n short, it is more of a regional and world structural geology than a pure 
eom phic study 
Chapter I (p. 1-34) deals with the structural (i.e. geotectonic) character- 
stics of the great platform (cratonic) regions, leading out from a particular 
xample, the genesis of the Paris Basin and its borders: and then to funda- 


bodis 
| 
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mental generalizations on the subject (dominance of vertical movements, rates 
of movement, times of epeirogenic revolution). 

Chapter II (p. 35-124) considers the geomorphology of the crystalline 
shields. From methods (profiles, statistical analyses, paleogeography, etc.) the 
older cyclic theories of W. M. Davis and Baulig are compared with the newer 
concepts of detailed paleogeographic reconstruction. 

The structural character of the shields is seen under the influence of 
lithologic forces (notable metamorphism), and of tectonic forces (faults and 
warping), developing a distinct morphogenetic classification. The Russian term 
anteclise is adopted—meaning a broad stable upwarp, the opposite of a syne- 
clise, a broad downwarp corresponding essentially to an autogeosyncline in the 
terminology of Kay; there is no direct English equivalent of anteclise, and it 
rather looks as if this term is destined to become adopted into the literature 
with the inevitable typographic confusion with “anticline”. 

Chapter III (p. 125-187). Sedimentary basins are treated next, but only 
those superimposed upon the relatively stable foundation of what Kay calls 
the “hedreocraton”. The geomorphology is seen as a product of the character 
of the sediments, the latter in turn being greatly dependent upon the move- 
ments in the tectonic framework. A detailed classification of sedimentary basins 
is offered, essentially structural. 

Chapter IV (p. 188-245) handles in detail every class of shield, inter- 
mediate platforms, smaller blocks and massifs. 

Every chapter is found to end with a selected bibliography, embellished 
by useful notes in the advantages and disadvantages of any particular book o1 


articie, 


RHODES W, FAIRBRIDGE 


Varine Ecology: by Hitany B. Moore. P. 493. New York, 1958 (John 
Wiley and Sons, Inc., $9.50).—Since the monumental, two thousand page, 
Treatise on Varine Ecology and Palaeoecology appeared but one year before 
Dr. Moore’s Marine Ecology it is interesting to compare their respective roles. 
Under the scholarly editorship of Hedgpath, the Treatise is a book of refer- 
ence——a sort of tenth edition of Linnaeus; but it is not the book to hand a 
beginner or even an expert in another field wishing a quick grasp of what is 
happening in marine ecology. 

Moore's book is about one sixth of the bulk of the Treatise and a de- 
termined student could read it in a few days; yet some consideration is given 
to almost every aspect of the field—physical and chemical factors, biological 


environmental factors, ecology of species and communities and distribution 


both regional and with depth, In attempting so much many topics have re- 
ceived rather short shrift. A couple of examples will illustrate the point. 

At the present day probably no phase of marine biological work has more 
active investigators or is experiencing such rapid change than the study of 
“basic productivity” and the population dynamics of phytoplankton. In 
Varine Ecology. these topics receive two or three pages. The terse reference 


to Riley’s work could be of little help to the beginner and exasperating to the 
initiated, a situation which is not improved by a couple of typographical errors. 


Rei 


Considerably more space is given to fish populations and their exploitation 


the treatment is misleadingly over simplified. Here particularly, much could 
» been gained by a better choice of references. It is true that the definitive 
this field, Beverton and Holt’s On the Dynamics of Exploited Fish 
tions did not appear until 1957, but other earlier works should have 


th 


mentioned to give the thoughtful student some idea of the complexity of 
problems 

Of cx » the truth iat all that is happening in marine ecology cannot 
ymdensed into a book of this size. Both the strength and the weakness of 
\oore’s study ji ti has not really tried to do so. 

Dr. Moore's earliest investigations concerned single species in the inter- 


Throughout the thirties the results of this work appeared in a 
hat have seldom been equalled for insight, ingenuity and 


| through nis val ied subsequent experiences he has never 
love. His book, Marine Ecology is not a 

of this vast field. But it is the finest autecol- 

*n. Here Dr. Moore is an excited adventurer 

to absorbe some of his excitement, Let us 

t produced a dry balanced treatment of all 

the pretense ol produc ing su h a book he has 

ite students for a long time to come. 


E. I PHOMPSON 


Publications Recently Received 


York, 1959 (Philos« 
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y and Brian Mason 


by Frank F. Grout. Robert P Sharp and 
(University of Minnesota Press, $4.00) 
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